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T0 the C&ngreee of the UnitedStaies: 

In accordance witli section 65l>3 of tiie Revised Statutes of the 
United States, I have tjie honor, on bchelf of the Board of Regents, 
to submit to Congiie^ Die annual report of tho operations, ex^di- 
turcs, and condition of the Smithsonian InsDtution for the year ended 
June SO, 1951. I have the honor to be, 

Respectfully, 
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A, WrriroKEjjSecreifwy. 
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Report of the Secretary of the Smithsonian Instuulion 
ALEXANDER WETMORE 
For Uie Year Ended June 30* 1951 

To Board of B&gonis of iTiEtituiloni 

Gentlemen : I liaTo the horiiOr to submit herewith my report 
showing the activities and condition of the Smithsonian Institution 
and its branches during the fiscal year ended June 30, 1051. 

OEKERAL STATEMENT 

The lengthy disenssions and debates antoiig both scientists and 
legislators that preceded Die creation of the National Science hoimda- 
tion^ on May 10* 1050, are reimniscerit of the ttn-year deliberations 
more than a century ago diet culminated in tlio establislunent of 
the SrnidisoQi a n Inst i t ution. J am es Smithson * the En gl ish benefactor 
who bequeathed half a million dollars to the United States of America 
to foimd at Washington institulioti for the increase and diffusion 
of knowledge among men*’^ bad been dead 17 years before our Govern- 
rnent decided what form the "^insUtutioii'^ woa to take or even to 
accept the gift- Finally, on August 10,1845* President James K. Folk 
signed the bill that created the Smithsonian InsLittition, our first 
‘^national science foundation.^ With that act, which was actively 
supported by John Quincy Adams* Joel E- Poinsett* and other 
science-minded leaders of the day* our Government formally recog- 
nis&ed that science is a mutter of national coneem, and as a nation 
WQ committed ourselves to the Jeffei^onian idea that science is a 
legitimnte function of government. 

Todavj in the wake of the atom bomb, no one dares question that 
concept. Present-day exigencies have forced us to recognize that 
Dierc are certain types of scientific investigation which are c^ential 
to our national security and Diat these must not be left to hapha^rd 
and iincertiiin backing of private individuals and organizations, no 
matter how worthy or well-meaning* Tliey must be publicly and 
continuously financed so long na science continues to be so stt*ategically 
integrated with our polities, economics, and social well-being- ^he 
statement that ^this is the age of science’^ has taken on deeper and 
more comber implications. 
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annual report SAtlTHSONUN INSTITUTION, 1961 

Throitghout the 105 years since it T?n3 established, the Smithsonian 
Institution Las seen and has been a part of the dsTelopment of this 
national attitude to^^ard science. It has witnesaed and sometimes 
aided the cstablislunent of many great and potent scientific agencies, 
such as the National Academy of Sciences, the National Beseareh 
Council, the National Bureau of Standards, the National Advisory 
Committee for Aeronautics, and others that came into being during 
World War II, The Institution itself has undergone many changes 
and viciffiitudes: it has survived four major wars, several panics and 
depressions, and controversies that seemed important at the time. 
But iU one continuing purpose has been, and is, to serve science—not 
merely American science but all science—in a way that its founder 
Smithson might have envisioned. It has endeavored not to compete 
hut to serve as a sort of catalyst to complement and cooperate in the 
work of other agencies. Government and non‘Govemment alike, 
and to support worthy projects that otherwise might languish. The 
unique character of its Btatus—os a privately endowed institution 
and at the some time a ward of the United States Government—has 
given it a freedom of action backed by authority that has proved 
fortunate and has increased its usefulness. 

In the early days of its existence the Institution caTried on its re¬ 
search programs largely by subsidizing the work of scientists not on 
its own staff and by publishing the results of their work. Sources of 
such aid to American scientists were then extremely limited, and the 
favor that this practice found can well be understood. Gradually, 
however, the activities of the Institution became channelized as they 
expanded, and “bureaus*’ grew up around the Institution, each with 
its own staff specializing in the work of its particular field. These 
are now ten in number, as follows: United States National Museum, 
National Gallery of Art (with separate board of trustees), National 
Collection of Fine Arts, Freer Gallery of Art, Bureau of American 
Ethnology, International Exchange Service, National Zoological 
Park, Astrophyaical Observatory, National Air Museum, and Canal 
Zone Biological Area, ^fost of these branches are now supported by 
Government funds although remaining under Smithsonian direction. 
At present, nearly nil the research and exploration of the Institution 
is done through these bureaus, notably the United States National 
Museum, the Bureau of American Etlinology, and the Astrophysical 
Observatory. 

Curteilment of the Government’s nondefenso spending since the 
Korean crisis has prevented tlie Institution from proceeding with 
some of its long-term programs, such os the modernization of museum 
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t.xUUtWs, construction of urgently needed new buildings, and purchase 
of modem instruments and equipment for its laboratories. The de¬ 
mands made upon our buildings, ns has been pointed out in previous 
reports, are little short of incredible: the annual number of visitors 
is rapidly approaching tlie 3,000,000 mark, and the increase of the 
collections in the fields of natural history, industry, history, nud 
aeronautics has long since crowded all available storage space. It 
sliould be emphasuted tliat the Institution has no desire to expand its 
activities inordinately or to add functions unjustiried by noimal de¬ 
mands. At the same time the public expects <aii1ain services from tlie 
Federal Government, tlirongh the Smithsonian, in maintaining the 
priceless collections in tlie National Museum and in the art galktl® 
under the Institution’s care and in making tliem available for exlubit 
and study. These are services that have long been entrusted to the 
Smithsonian; tlwy fall in tliat category of activities aimed at the 
cultural and scientific advancement of all the people, and hence their 
support by Federal approprialiona of funds is proi>er and justifiable^ 
Smitlisonian administrators, therefore, are duty bound to do every- 
tlung in their power to obtain adequate support for tho irreplaceable 
treasures in their custody, even in times of national emergency* 

In the pages tlmt follow the director of each of the bureaus under 
Smithsonian direction presents his detailed rci>orl for the year (Ap¬ 
pendices 1-10). Included also are the reports of the Librarian and 
tlie Chief of the Editorial Division (Appendices 11 and 12). 

TilG KSTABLlSaUEHT 

The Smithsonian Listitntion was created by act of Congress in 
1846, in accordance with the terms of llie will of James Smithson, 
of England, who in 1826 bequeathed his property to the United States 
of America “to found at Wasliington, under tho name of the Smithso¬ 
nian Institution, an establisliment for tho increase and diffusion of 
knowledge iimong men.” lu receiving the propeity and accepting 
tlie trust. Congress determined tliat the Federal Government was 
without authority to administer the trust directly, and, therefore, 
constituted an “esmblishmenf' whose statutory members are “the 
President, the Vico President, the Chief Justice, and the heads of 
the executive departments.” 

TAB BOARD OF REGENTS 

There were no changes in the personnel of the Board of Bogenta 
during the year. One vacancy still exists in the cIhss of citizen re¬ 
gents. Tlie roll of regents ut the close of tho fiscal year, June 30, 
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1051, was as follows: CInef Justice Fred M. Vinson, Oianoellor; 
Vice President Albcn W. Barkley; inembets from the Senate: Walter 
F. George, Clinton P. Anderson, Levereli Saltonstall; members from 
the House of Itcprescn tail res; Clarence Cannon, cTohn IL Votys, 
K F. Coa; citizen members: Harvey N. Davis, Artlmr H, Compton, 
Vannovar Bush, Robert V. Fleming, and tleroma C. Ilunsakon 

The regular annual meeting of the Board was held in the Regents^ 
Room on January 12, 1051. The Secretary presented hia annual re- 
port covering the activities of the Institution and its buiieatis, includ¬ 
ing the Jinancial report of the Executive Committee, for the liscat 
year ended June 30,1950, and this was accepted by the Board. The 
usual resolution authorized the ex[)eTiiliture by the Secretary of the 
income of tlie Institution for the dseal year en^ng June 30,1D52'< 

The Secretary announced tliat he would reach I'utirenient age in 
June 1951 and brought to attention the question of the selection of a 
successor. Accordingly, the Clmncellor iip|>ointed a Special Com¬ 
mittee to iitnke recommendation in this connection. Dr. Wetmore 
agreed to serve until a successor liad been cboaen. 

ContTcming the Gellutly ait. collection, the Sec rotary reported that 
under dale of February 28, 1950, the office of the Attorney General 
informed the Institution tliut the Supremo Court hud denied Mrs. 
Gcllatly's petition for a writ of certiorari to review tlie decision of the 
United States Court of Appeals. This long controversy of more than 
20 years apparent 9 y has come to an end, with result favorable to the 
Smithsonian. 

On the evening of Jammry II, 1951, preceding the annual meeting, 
an informal dinner meeting of the Board was held in the Main Hall 
of the Smithsonian Institution, with the Chancellor, Chief Justice 
Fred if. Vinson, presiding. This occasion gave opportunity for mem¬ 
bers of the Smithsonian stuff to make a fuller presentation of the 
scientific work of the Institution than was practicable at the regular 
meeting tlie next day. 

On May 3,1951, a special meeting of tJie Board of Regents was iield 
in the Regent’ Room with the Chuiicelior presiding, concerned with 
the operation of the Institution, including tlie extension of tenure of 
office of tlie Secretary. 

FI.VANCK3 

A Statement on fuuuices, dealing particularly with Smithsonian pri¬ 
vate funds, will be found in die report of die Esecutivo Committee of 
tno Board of page 154. 
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APPROTDIATIONB 

Funds at>propriatcd to Ihe Institution for die fiscal year ended June 


aO, 1051, totaled $2,700,000, obligated as follows: 

Uanegcmcnt- -—— 557,322 

United Suites Netlonal Uosetitn--- -- TS1|754 

Bureati of American Kthnology— -- - - > 57, 237 

Astropliyslail Obaervetory- , — — -- l^i ISS 

N’e t lotial Collect Ion of Fine Arts ----- 4S. SS2 

Kationai Air Moseuni --- - 182,031 

GanBi Zone BEoloalcal Area -- 1^000 

Jblernatlonal FxcIiaDBe Service., - 70,355 

Ualiiteorttice ami operatEoa of liulldInKS.... - 027.010 

General service#—., -— --— ---- 315,433 

Ei^tiaiated savings.,,.,,. _— , - . --- 11,853 

Imponodcd fluids ____— .— 100,000 


Tntjti - _ ____ 2,700,000 


Of this total $100,000 was uupounded bj the Bureau of the Budget 
through direction of the Congro^ 

In addition, $1,170,0(K) was appropriated to tlie National Gallery of 
Art, a bureau of the Institution but adininistered by a. separate board 
of trusteees; and $036,000 was pi-ovided in dw District of Columbia 
appropriation act for the opoiniion of iho Nadonal Zoological Pork. 

Besides dicse direct appropriations, the Institution rcceircd funds 
by transfer from otlior Federal agencies, as follows: 

From the State Dcparlmcni, from tho appropriation International 
Information and Educational Activitica, 1051, a total of $92,740 for 
die operation of the Iniditute of Social Anthropology, including the 
issuance of publications resulting from its work. 

From the National Park Service, Department of Interior, $309,949 
for archeological projects in connection with the River Basm Surveys. 

VtSlTons 

Visilore to the Smithsonian buildings during the year 1950-^51 to- 
lalod 2,867,544, an all-time record of attendance and about a lO-percent 
increase over the previous year. July 1950 wns the month of largest 
attendance, with 383,910 visitors; May 1&5I was the nest largest, with 
362,4-13. A summary of attendance records for the five buildings is 
given in table 1. These do not include 3,460,400 visitors estimated at 
the National Zoological Park and 1,503,148 at die National Gallery of 
Art, 
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ElGHTEETNTH ANKUAL JAUES ARTHUR LE5CTURE ON THE SUN 

III lOSl the Inirtitutioii received a bequest fvom James Arthur, of 
New York, a part of the income fi'om which was to bo used for an 
annual lectuiie on some asiiect of the study of the sun. 

The eighteenth Arthur lecture was delivered in the auditoriam of 
the Natural History Building on March 22, IflSl, by Dr. Walter Orr 
Boberts, astrophjfsicist and director of the High Altitude ObsorTa- 
lory, Boulder, Colo. The subject of Dr. Roberts’s address was 
“Stormy Weather on the Sun,” This lecture is published in full in 
the General Appendix of the present Report of the Board of Regents 
<p.l63), 

OPENING OF ADAMS-CLEMENT COLLECTION 

Exercises were lield in the Arts and Industries Building on the 
afternoon of April 18, 1061, formally opening a collection of tnemo- 
rabilia of the Adams family given to the Institution on June 1, 1950, 
by llias Mary Louiija Adams Clement, of Warronton, Va., a descend¬ 
ant through her mother of John Adams, second President of the 
United States, and of John Quincy iVdams, sixth President, The 
collection conLdns nearly DOO heirlooms pertaining to the Adamses 
and their descendants, including 15 portraits by Gilbert Stuart, Ed¬ 
ward Dalton Marchand, Pieter van Huff el, Thomas H. Hull, Asher 
B. Dunind, John Trumbull, and other artists; a good representation 
of period costumes and jewelry; china, glassware, and silver; books 
and family letters; and numerous miscellaneous items. The gift is 
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one of tlio mcKSt importJint hktopically to coma to tlia Institution in 
recent yenre* The portraits have been assigned to the National Col¬ 
lection of Fine Arts^ tlio rcmaming objects to the Departnient of 
History^ United States National Museum. At present those portions 
of the Adams-Clement Collection chosen for public display are ex¬ 
hibited in the west hall of the Arts and Industries Building. It is 
expected that change and substitutious in the exhibit will bo made as 
tlie documentation of the specimens proceeds^ The donor died on 
September 2,1, l&50j unfortunately before the formal opening of the 
collectioru At tho ceremonies the speakers were Mrs. Katharine Mc¬ 
Cook Knox, art historian; MaJ. Gem LL S* Giunt^ 3d, president of the 
American Flaiming and Civic Association ^ Dr. BeiuiTigton Kelloggs 
director of tho United States National ^lusemn; and Dr. Alexander 
Wetmore, Secretary of the Smithsonian Lifatitution. 

UFAlOlUAh GJh'T.S 

In memory of their mother, Alice Pike Paniey (18G0-1D31), \\ash- 
ington artist and civic leader, Natalie Cliffoixl Buniey and Lnura 
Dreyfus-Barney have given the Institution a fund of $13,000 and also 
n collection of 224 paintings by Mi:s+ Baniey, 5-1 pictures by other 
artists, and many sculptures and objects of art. The art material is 
to be used as the nucleus of a collection for loan in ibss interests of art 
education in tlie United Slates and will be known as the Alice Piko 
Barney Loan Collection. Ttic fund, lo be known as tbo Alice Pike 
Barney Memorial Fund, will be used by the National Collection of 
Fine Arts to maintain the loan collection and to organise and cS real a to 
traveling art exhibitions in Uiis country. 

Also received during the year was a beiiuest of $15,000 from the late 
Gcorgo H. Stephenson, of Philadelpliin, for the puri^Kseof executing 
an appropriate memorial to Brig^ Gen. William Mitchell (1810—1935), 
of military-aviation fame. Pltuis for tba memorial are being insti- 
tutod through the National Air Museum. 

SmMARY OF THE TEAIUS ACTIVITIKS OF i llE BRAKCHES OF TIlK 

IXSTITUriON 

J/tij^t^fPi.—Tlie increment to tlio national collections, dis¬ 
tributed among the Museum’s sis departments, this year aggiogJited 
more than 303,000 objects, bringing the catalog entries to a total of 
32,61T,2D3. Some of the year’s more noteworthy accessions included: 
In antJiropology', fine collections of Colonial furniture and utensils, 
further BrcheoIog^cal material from Neolithic sites in Honshu, Japan, 
and a collection of wooden objects repi'escnting the native culture of a 
village in northeastern New Guinea j in zoology, a largo lot of mam- 
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mnls, birds, and inariha invertebrates from Laibrttdor and Newfound¬ 
land; scverHl accessions of Central American birds; ft comprehensive 
collection of fishes, crustnceans, mollusks, and miscellaneous inverte- 
brntes from the Gulf of llesico; several large and important collec¬ 
tions of insects, and several thousand marine invertebrates and sheila 
from the vicinity of Point Barrow, Alaska; in botany, gifts of plants 
especially from Alaska, Honduras, Peru, Mt^aico, Venezuela, and 
Colombia, and more than 10,500 plants received in eiohanges with 
other Institutions; in geology, SS minernlB heretofore unrepresented in 
the Museum, T meteorites, fossil in vertebrates and plants from sovernl 
im[xtrta[it localities, and fossil vertebrate material from Panamfi and 
the western United States; in engineering and industries, a collection 
of historical electronic and electrical apparatus, n complete technicul 
exhibit of the halftone process, and an exhibit telling the stoi^ of 
modem surgical sutures; and in history, & model of tho battleship 
^issovri and the Adams-Clemeht Collection of raeraorabilia pertain¬ 
ing to tlia families of John Adams and John Quincy Adams. 

Members of the stai! conducted field work in Cuba, Panama, Costa 
Bica, Ilooduras, Colombia, South Africa and Southern Bliodcsia. 
LSritiali North Borneo, Okinawa, Alaska, and many sections of tho 
United States. The Museum issued 26 publications. 

JVatioiiat Slightly more than one and a half million 

visitors were recorded at the Gallery for tho year, about 0S4,OOO less 
t ha n for 10-111-^50. Access] ons as gi f ts, 1 oans, or deposits totaled 4,044, 
nearly 1,700 more than last year. On March 17,1051, the Gallery cele¬ 
brated its tenth nimiversaiy nt a special opening of an exhibition of 
paintings nnd other works of art acquired since 1045 by the Samuel 
IT. Kress Foundation. Over 24,000 invited guests attended, Bight 
special exhibits were held nt the Gallery during the year. Special 
traveling exhibitions of prints from the BosonwaId Collection were 
circulated to eight galleries and museums in this country, and exhibi- 
tioua from the ‘‘Index of Americiui Design'’ weit> shown 55 times in 
20 Slates and the District of Columbia. Tho volume on ‘Tlie index 
of American Design" was published and placed on sale during the 
year. Progress was made on die secojid volume of “Musterpieces of 
American Painting frojii the National Gallery of Art,” More than 
ST,CKO persons attended the Gollcty’s special tours and the “Picture 
of tho Week” tulks. The Sunday aftonvoon lectures in the auditorium 
ond tho Sunday evening concerts in tho garden courts were continued. 
The Eighth Annual American Music Festival was held at the Gallery 
In April. 

A'alitmsi- CoUi'c/i&ti of Pins Avis .—The Smithsonisn Art Goinmia- 
aiotj met on Decembers, 1050,and accepted for the National Collection 
If) paintings (part of the Adams-Clement gift to die Smitlisoniau 
Institution), 5 miscellaneous oil paintings, ,50 miniatures by American 
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nnd foreign and several items of Austrian, Dutch, French, 

Swedish, and Boliemian glass. Eight miniatures were acquired 
through the Catherine Walden Myor fund. A gift in memory of 
Alica Pika Barney (13GO-1931), Washington artist, brought the In* 
stitution a collection of S7S paintinga, to be used os tiie nucleus of n 
loan collection, and a fund of 515,000 to ho used in maintaining ^e 
collect ion ajid in organiaing and circulating traveling iirt-appreciation 
exhibits in this country. Sixteen siiecial exhibits were held during 
the year, one of the most noteworthy being tlie (Jcntonivial AnniversHiry 
Exhibition of Paintings by Tliomas Wilmei' Dewing. Also of s|tecial 
iiiterest vras the opening, on February S3, of the Alliert Pinkham 
Kyilcr I£oom of the -lolm Gel I ally {.'olleotion, exhibiting togellier the 
17 Ryders in the collection. 

Freer Gdkry 0 / ilrt.—The Freer collections were enhanced by tJic 
accession of Chinese paintings, pottery, and bronzes; Japanese paint¬ 
ings; and Persian metalwork. Tiic cleaning and reEtoration of tlie 
Whistler Peacock Room were completed, and the room was reopened 
to the pulilic on October 13,1D50. The stafT members devoted their 
time to the study of new accessions ond of objects contemplated for 
purchase and to general research in the held of Oriental aiui Islainic 
art. Reports were made on 2,377 objects. Two members of the stalf 
spent parts of the year pursuing rescanh projects in other countries: 
John A, Pope studied Chinese porcelain collections in Tehran ami 
Istanbul, and Dr. Richard Ettingliausen began n year's trip to the 
Kear East, studying in Egypt, Iran, Iraq, and Afghanistan. Vis* 
itors to the Gallery totaled 62,895 persons. 'Ilie Gallery issued 
five publications during the year and assisted in the publication of the 
linalHumber of An /sfewifcct, under Dr. Eltinghausen s editorship. 

Bureau of Amencart Ethnology .—Ethnologists and archeologists 
on the Bureau staff continued their respective resenrelies, Director 
Stirling in Panamd, Dr. Collins in tlte Canadian Arctic, Dr. Marring 
ton in Montana and Mexico, and Dr. Fenton in hew Mexico, -a 1 
fomia, and Montana. Dr. Fmnk M. IT. Roberts, Jr., continued as 
dii^ector of the River Basin Surveys, a unit of the Bureau now in 
sixth year of oj>eration, and completed the collection of the first volume 
of Rivor Basin Sui-veys paprs, Since the begiimliig of the Riv^ 
Basin Surveys field work 2,894 arebeological sites have been loca^ 
and recorded, and 545 of tlieso have been recommended for excavation 
or additional testing. This year’s c.\cavatioii work covered 20 reser¬ 
voir areas in 10 States, with 26 excavating parlies in the field. 

The Institute of Social Anthroiiology, an mitoiioiuous unit of tlie 
Bureau financed through U-ansfer of funds from the Depurlment of 
State, carried on its research and tubing programs in Binail, Co¬ 
lombia, Guatemala, Mexico, and I’em. 
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The archival material of the Bureau was enriched by tlie addition 
of the original catalog (in Poweirs handwriting) of the photographic 
negatives made on Maj* John W. Powell's famous expedition down 
the Grand Canyon of the Colorado. 

intena^onal ExcJuuUfe As the olBcial agency for the ex¬ 

change with otlicr countries of governmental, scientific, and literary 
publications, tlie Eschnnge Service handled 1,011,000 packages of 
such publications (total weight, 788,773 pounds) for transmission, 
OF about the same as during the previous year. As laJrt year, no sliip- 
ments were made to Cliina or Rumania, but consignments arc moving 
to all other countries. Tlie number of sets of United States official 
publications sent abroad in exchange for similar publications of other 
countries is now lOS (61 full and 41 partial sets). Eighty-lire copies 
of the Federal Register and $2 of the Congressional Record arc also 
sent abroad through tlie Exchange Service. 

Zoological Park .—Tliis year brought the largest attend¬ 
ance in the history of tlte 2!oo—^an estimated total of 3,460,400 visitorSi, 
or at the average rate of more than 0,000 a day. At the close of the 
fiscal year, there were 2,813 animals in the Zoo collections, the ad¬ 
ditions during tlie year {1,768) almost exactly balancing the losses 
and removals (1,776). Among the more unusual accessions, some rep¬ 
resenting species ticver before shown in this Zoo, were 17 Santa bfarta 
tinamous from Colombia; a splendid example of the black-headed 
pvthon of Australia; a rare native wild goat from Crete; specimens 
of tlie large Meller'^dmniuleon from Africa; three-handed armadillos 
from central South America; and six Jjabrador lemmings. In all, 
217 creatures were born or hatched at the Zoo—62 mammals, 57 birds, 
and 68 reptiles. 

Astro^hysical Tlie Observatory continued its studies 

of solar radiation at its two high-altitude field stations at Table Moun¬ 
tain, Citlif-, and Montezuma, Chile. At Table Mountain a method is 
being developed for determining by spcctrobolometric measurements 
the quantity of ozone in the upper atmosphei'e. Tlie textile-exposure 
studies at the kfontezuma station for the Office of the Quartermaster 
(Jeneml were terminated in May. In cooperation with the hleteorolog- 
ical Division, Clicniical Corps, at Camp Detrick, Mi, some work was 
done on tlie problem of improving the melikeron, an instrument de¬ 
veloped some years ago by tlie Observatory to meosaro outgoing ra¬ 
diation from earth to space. Two silver-disk pyrhcliometcrs were 
constructed and furnislied at cost, one to the (}ti>vemment of Israel 
and the other to the Air Force’s Research Liibor&tories at Cambridge, 
Mass. Tlie division of radiation and organisms, following a 2-year 
period of setting up specialized equipment and facilities, and new 
electronic Inslrumcnte, has begun a scries of biochemical investiga- 
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tions of pliotomotphogenesis in etmo plants which promise interest* 
ing results. 

Nati(mal Air A number of outstanding acceisions were 

i-eceived by the Kational Air iMusciini during the year. Foremost 
among these were the Dell X-1, the world’s first supersonic, mam 
carrying airplane, wliich has been install^l on exhibit in llio Aircraft 
Building; and a duplicate example of the world’s first successful supor- 
Bonic ram-jet engine and its rochet booster. In all, s[iecimens, 
including four full-sized aircraft, were recorded from 30 sourc^ 
Inasmuch as o>^r two-tldrds of tlie Air aiuseiim’s collection of fidl- 
eized aircraft arc in storage, providing and maintaining storage fa¬ 
cilities reiuain a serious problem; and toward the end of the year 
this became aggravated when the JIuseum was ordered to vacate its 
storage facility at Park Ridge, 111., to make way for aircraft mairn- 
facture. The National Air Museum Advisory B'>iird met on June 
ID 51, with this problem a prim a ry concern. During the year, by meaira 
of a special eshiblt, shown first in the Navy Depurtnient and then 
in the Pentagon Building, tlie Museum marked the fortieth anni¬ 
versary of Naval Airplane Carrier Operations, ^ 

Caml Zone Biologied A Contract was let during the year 
for constructing a new laboratory building of mod^t desif^ at the 
Barro Colorado Island station, 'Diirty-thiee scientists made use of 
the island’s facilities during the period, canydng on studies in varioiH 
lidds of biology. Some of the researcli projects under way arc worth 
noting: An exhaustive study of tlie spiders of the region; a checklist 
of Barro Colorado Islntid birds; investigation of the population den¬ 
sity and social organization of tlie island’s howler monkeys; a study 
of the light-sensitive structures of animals; corrosion and deteoora- 
tion tests; and studies of fungi. The resident manager contimtal his 
long-term termite-resistance tests and his fruit-fly studira. 

njBLIOATlONS 

Throughout the entire history of the Smithsonian, publicntions have 
constituted the Institution’s principal medium for the ‘yiffusioti of 
knowledge,” one of the two basic functions of the organization os 
prescribed by James Smithson, the founder. Tlie Institution is^es 
eight regular scries of publications and six others that apiscar less 
frequently. Embodying the results of researches of the ^ithsonian 
staff and collaborators, these publications are distributed free to more 
than a thousand libraries, botli here and abroad, as well as to a large 
list of educational and scientific organizations end specialists m var¬ 
ious fields. In all, 133,401 copies of Smitlisonian publicationH were 

distributed this year. 
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During tJie past yeai', 61 publicnttona appeared under the Stmth- 
sonian imprint. Outstanding among these were Part 11 of *‘Birds of 
North and Middle Americas” by Herbert Friedmann; another roliune 
of **A Monograph of the Escisting Crinoids,” by Austin H. Clark; 
volume fl of the “Handbook of South American Indiana”; “The North¬ 
ern and Central Nootkan Tribes,” by Philip Drucker; and two mono¬ 
graphs of the Institute of Social Anthtt»pology. A complete list of 
the year's publications will be found in the report of the chief of the 
editorial division, appendix 13. 

Smithaoid^ tahUi .—It has long been the practice of the Institution 
to assist Students and research workers by publishing compilations o£ 
tables useful in all kinds of technical, industrial, and scientidc work. 
Since 1S&3, when the first edition of Prof. Arnold Guyot's “Meteoro¬ 
logical and physical Tables” was published by the Institution, thou¬ 
sands of copies of the Smithsonian tables have been distributed 
throughout tlie world. These volumes, which have fallen in four 
categories (meteorological, phy^cal, mathematical, and geographi¬ 
cal), have been kept revised and reprinted as new data in these fields 
became available, During the present year, three volumes of these 
tables were Ui process i 

The sixth revised edition of the Smithsonian Meteorological Tables, 
prepared by Robert J. List, of the U. S. Weatlier Bureau, was ex¬ 
pected to be off the press before the end of the calendar year IDM. 

The manuscript for the ninth revised edition of the Smithsonian 
Physical Tables, compiled under the direction of Dr. W. E. Forsythe, 
of Cleveland, was completed during the year and submitted for print¬ 
ing estimates. 

The Institution accepted the manuscript for a new volume in the 
mathematical scries: Smithsonian lyigaritlimlc Tables, pi'epared by 
G. W. Spcncelcy, Ehcha M. Spenceley, and E, R. Epperson, of Miami 
(Ohio) University. These tables present 2S-dec]mal-place values of 
natural and common logarithms and will be published by the Institu¬ 
tion under a grant from the Research Corporation of New York. 

LIBRARY 

The library of the Institution received 02,633 publications during 
the year, mostly by gifta and through exchanges with other organ! sa- 
tionfl and institutions. The largest single gift of the year was in the 
field of philately—a collection of about 500 books and periodicals pre¬ 
sented by Malcolm Maegregor, of Bronxville, N. Y., which were 
assigned to the philatelic sectional library in the Department of 
History. 

Statistics compiled by the librarian show that the staff entered 
17,354 periodical parts, circulated 11,369 books and periodtoala, ar- 
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ranged 4C5 new exchanges, cslaloged volumes and pamphlet^ 

added £9,981 cards to shelflists and catalogs, transferred 19,016 pub¬ 
lications to tlie Library of Congress, prepared 1,250 volumes for 
binding, and repaired 1^00 volumes in the National Museum. At the 
close of Uie year the library’s holdings totaled 932,T40 volumes (ex¬ 
clusive of incomplete volumes of serials and sepnrates and reprints 
from serials). More than half of these are housed in tlie Library of 
Cougress aa the Smithsonian Deposit. 

Respectfully submitted. 

Ai.xxA}<der WETitoRE, Ssotctsfy, 



APPENDIX 1 


Report on the United Stales National Museum 

Siu: 1 liave tlie houar to submit tlio following import on tho condi¬ 
tion and operations of the United States 14'ational Museum for the 

fiscal yc:it ended June 30, 1951 1 

BUILDINGS AND EQUJPltENT 

ConstrucLion began on the conversion of the southwest court in the 
Arts and Industries Building to a modern storage facility, and $S0,S95 
was ohligate<l from funds appropriated for this purpose. The sum 
of $47,0IS was allotted for the construction of ston^ge cases and 
drawers, and outside contracts were let for building the wooden 
frames for these; the mechanical shops of tli© Institution will cover 
the frames Avitli sheets of thin steel. Steel racks to provide accessi¬ 
bility to the stacks of large-sized drawers, totaling about S,500^ are 
now being fabricated by the main ten ance and operation division* 

COI-LECTTONS 

More tlian 303,000 specimens were incorporated into the uational 
collections and distributed among tlio six departments during the 
year, as follows: Anthropology, 15|3D6; zoology, 235,033; botany, 
38,603; geology, 10,723 ; engineering and industries, 3,073 ; and history, 
3,716. Host of the accessions were aciiiiired as gifts from indlvidiials 
or as transfers from Government departments and ageiici^. The 
complete report on the Museum, published os a separate document, 
includes a detailed list of the yearns acquisitions, of which the more 
important are sunimaH^ bdow. Catalog entries in all departments 
now" total 32,617,298. It may bo noted tliat the annual increment of 
spocimons varies from a quarter to tliree-quarters of a million objects, 
depending U[>on the nmuber of large collections obtained. 

ATUhropoloffjf ,—Houseliold furniture, ceramics, gkssivare, pewter, 
wTought^iron and brass utensils, wooden ware, folk paintings, em- 
broideriea, and textiles used by residents of New England during the 
period 1630 to 1840, which had been assornbled by Dr, and Mrs. Arthur 
M. Greenwood at Time Stone Farm, Marlborough, Mass;, have now 
been added to the national collections. Another outstanding addition 
to the ceramic and cultural collections is the gift by Mrs. Lura 
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Woodsido WAtkins of 314 earthenware utenails, which were escavtited 
at 20 dociimeitted New Englmid potteries in esistenco between 1087 
and Uie la to ISSO’s. Colonial utenails and Indian artifacts from 
Kicotan, Va., one of the earliest English BettlementB in America, 
were presented by Alvin TiV* and Joseph Bi Brittinghanj* 

From Maj. Howard A. MacCord, U. S. Army, 413 specimens of fitono 
artifucts, pottery, and other materials from various Neolithic sitea 
on the island 0 f Honshu, Japan, were received. 

Gen. and Tilrs. David G. Barr and Fatty Barr presented a black 
silk cape with fur collar and lining of golden-haired monkey skins, 
worn by a Manchu emperor, I,t. Col. Clifford Lee Smires gave a col¬ 
lection of wooden objects, including a ceromoni.al staff, wooden bowl, 
bamboo arrows, shell trumpet, decorated wooden drums, and carved 
and decorated wood utensils, which were obtained from the natives 
of a village near Aitape, northeastern New Guinea, 

Casts of fossil apelike hominoids from East Africa, one a replica of 
a nearly complete skull of Proconsvl af riomvs and the others replicas 
of bones belonging to australopithccines, were presented by the 
American Institute of Human Paleontology and the Wenner-Gren 
Foundation for Anthropological Research. 

Zoology. —Sii. unnaiially hue cliamoiB from tlie Bavarian Alps were 
presented by the ooHector, Capt. Kimberly Brabson, U. S. Army, 
Mftj. Robert Traub, a member of the scrub-typhiis unit organized by 
tha Dnited States Army Medical Service, forwarded 88 mammals from 
Malaya and 57 reptiles and aniphibians from Selangor. More than 
200 arboreal mammals, collected by Dr. H. C. Clark and associates in 
connection with research on jungle yellow fever at the Gor^s 
Memorial Laboratory in Panamli and Mdxico, were presented to the 
division of mammals. Drs. Robert Raiisch and Everett L, Schiller, 
Arctic Health Research Center, United States Public Health Service, 
transferred 68 Alaskan mammals. During the sutniner cruise of the 
Bhtt Dolphin, conducted by Commander David G. Nutt under the 
auspices of the Arctic Institute of North America, Charles O. iLvnd- 
ley, Jr., collected for tho Museum ]&-t mammals and 201 birds from 
Labrador and Newfoundland; and to the national collections were 
also added approviniatoly 1,500 marine invertebrates. ^ 

Income from the W. L. Abbott bequest financed the ornithological 
field work of M. A. Carriker, Jr., In Colombia, and the Smithsoman 
private funds that of Dr. A. Wetraore ami W. M. Perrj’go m Panamft. 
The Colombian collection comprised 3,430 bird skins, 63 skeletons, 2 
sets of eggs, and 1 nest; the Punamanian, 626 bird skins, 6 skeletons, 
and 6 carcasses in alcohol. In addition, 303 bird skdns from Denmark 
and 344 from British Columbia were purchased from private funds. 
Especially worthy of mention this year arc the 453 skins and 20 skele- 
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tons of birds from South Africa and Southern Rhodesia, including 59 
species new to the Museum, which were collected by Dr. Herbert 
Friedmann. Other accessions of importance were 38 bird skins from 
the South Australian hlusemn; 5 Pacilic Islaud birds from Peabody 
Museum, Yale University; 11? skins of Portuguese East African 
birds from Miiscu Dr. Alvaro de Castro, Louren^o Marques; 188 
.Taponoso bird skins from Col. U. R, Wolfe; 219 sets of eggs from 
Venezuela and Trinidad collected by Robert N. Berryman; and (S93 
skins, 85 sets of eggs, and 28 nests from Alaska transferred to the 
Museum through Dr. Laurence Irving by the Arctic Health Rescai'ch 
Center, United States Public Health Service. 

jVjuong tlie accessions worthy of note reroived by the division of 
reptiles and amphibians were 35 specimens from ICoiea pi'esented by 
WilHom E. Old, Jr.; Tl Indian reptiles, including two species of 
VropcUh^ from the School of Tropical Medicine, Calcutta, India; 
70 reptiles and amphibians collected by Harry Hoo^traal, mostly in 
Kenya, Africa; and 15 rep tiles and amphibians from Saudi Arabia, a 
gift, of Sgt.. Edward Murray. 

Tlie fisbery investigations conducted by Stewart Springer on the 
Fish end Wildlife Service vessel resulted in the transfer 

to tlie Museum of one of the most comprehensive collections of fishes, 
crustaceans, moUuslm, and miscellaneous invertebrates ever made in 
the deeper waters of tJic Gulf of Mexico. As exchanges, there were 
received from the Ai>pUcd Fisheries Laboratory, University of Wnsh- 
ington, through Drs. l4U)ren R. Donaldson and Arthur D. Wei under, 
I'M fishes, including a number of types of new species, from the 
Marshall Islands; from Rhodes University College, through Dr, J. 
L, B, and Margaret M. Smith, 91 fishes from Knysna Esluaiy, Cape 
Province, South Afrtco; and from the University of Hawaii, through 
Dr. William A. Oosllna, -13 Hawaiian fishes, including several types. 
Willie studying the poisonous fishes of Micronesia, Dr. Eugenie Clark 
made a collection of 3,730 fishes, which she presented to the division 
of fisliGs. 

The most important accessions received by the division of insects 
were transfers from the Bureau of Entomology and Plant Quarentine, 
totaling 06,498 insects, of which 18,498 were derived from the Alaska 
insect project. 1 he gift to the U. S. Bureau of Entomologr and Plant 
QuaratiLjue by Dr. Albert B. Sliadle of his lifetime collection of nearly 
6,400 insects and transferred to the Museum, along with Eggor’s col¬ 
lection of bark beetles, and over 1,900 Egyptian insects obtained by 
CurtisSabrosky, likewise enhanced the usefulness of the national col* 
lections. As a gift, the ifuseum ucquii-ed the collection of H. G. 
Barber, consisting of 32,151 bugs and bcetlfca. 
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In the course of uii ecological survey in tlie vicinity of Point Barrow, 
Alaska, Prof- G. E. MacGinitie, formerly director of the Arctic Bo- 
search Laboratory, and Mrs, MacGinitie, assembled nearly 7,500 mis- 
collancous invertebrates and approximately 1,600 marine shells, and 
through their active interest these collections eame to the Museum as 
a transfer from the Office of Naval Besearch. 

As gifts, the division of marine invertebrates received nearly S,000 
crayfishes and other fresli-water invertebrates collected in In^ana 
and the TVA region by Dr, Kendell Ilhoades; 367 specimens of 
sponges, including 08 types, collected in Micronesia by Dr, M. W, do 
Laiibenfels while participating in the scjontitic investigations spon¬ 
sored by the Pacific Science Board, National Research Council ; and 
437 miscellaneous invertebrates dredged oil the west coast of Florida, 
a gift of Dr. J. Brookes Knight, A selected series of more than 6,000 
oopepods and other niarine invertebrates were collected for the Mti- 
SQiun in Ptiget Sound, by Associate Curator Paul L, lUg. 

an eschungo with Dr. R. SJariquioy A., Barcelona, tlte Museum received 
a selected set of decapod crustaceans from the Mediterranean coast 
of Spain. Types and paratypes of a mimber of invertebrates were 
received as gifts. 

Most noteworthy of the 208 accessions received during the y^r by 
the division of mollusks were 275 marine forms from Malindi, pre¬ 
sented by the Kenya Colony Game Department, Nairobi, through B. 
Teague 5 nearly 2,000 land mollusks from Cuba, a gift from Sr, Oscar 
Acalde fjcdon, of Cieafuegos^ (i04 land and fresh-wator mollusks from 
Panama and Ecuador, transferred hy Dr, James Zetek, Canal Zone 
Biological Area j 105 Japanese mollusks from tlic Zoological Institute, 
Kyoto University; and tlie types and paratypes of several recently 
described moUusks. Types of parasitic nematodes, annelids, tnenia- 
todeo, and cestodes were received from several specialists. 

Several inlctcstlng echinoderms, including a specimen of Astenaa 
veatitay described by Thomas Say in 1025 and not seen herctof since 
then, were accessioned this year from the Institute of Fisheries 

Research, University of North Carolina. 

liotanjf.—C, V. -Morton, curator, division of fonis, collected 2,610 
plants in Honduras and 851 in West Virginia and Michigan for the 
National Herbarium. Justice William 0- Douglas presented a col¬ 
lection of 134 mounted plants from Ijebanon, and 825 plants obtained 
in Alaska and tho Aleutian Islands by Dr. I^ouis H, Jordal were trans¬ 
ferred from tlie Ollice of Naval itcscarch, Department of the Navy. 
Other gifts included 2,234 plants from the Musco de Historin Natural 
“Javier Prado,**Lima, Peru; 062 Mexican plants from Ui© University 
of Washington; and 522 Venezuelan plants from BroUier Gin&. As 
exchanges, the National Herbarium received 16,645 speciraoiiB. o 
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which Ij8l4 wei^e from the lastituto de Cicncii^ JJaturales, Bogoti, 
Colombia 1 1^05 wcr^ from Gmy Herburiomj collected in Newfound¬ 
land and eastern United States; 1^043 from the California Academy of 
Sciences, coUectetl in Califonna and western United States: 705 
Canadian j\jctic plants from the Department of Agriculturfe, Ottawa; 
505 from the Now York Botanica] Garden^ collected in Kashmir; 
1,273 Hawaiian and Bacific Islands plants from the Bernice P* Bishop 
Museum; and 089 aoutliern BanKihan plants from Fimdacion Miguel 
LillOj Tucuman, Argentina. 

Oeology. —l'%venty-two minerals hitherto unre[iiresented were added 
to ilio iTiinctulogical collection^ of which throe received as gifts 
and nineteen wereacqnh'cd through exchango. 

ITifi 13 specimens of euclase from Ouro Preto, MinoLS Gerais, Brazil, 
purchased under the Roehling fund, compriE^e some of the finest known 
S|)ceitncns of this minetah The Canfield bequest provided the funds 
for the pui'olmso of Tanudinite crystal groups from IKxico, two 
zilian tourmaline crystals, a largo and perfectly foiiued luanganotani^ 
lite and simpsouite from Bi-aKil, proustite crystals from Chile, u flue 
group of quartz crystals from Japan, and an opalizcd cedar cone 
from Nevada. 

An unusual 71.20-carat aquamarine from Ceylon was purchased 
under the Chainberlain fund for the gem collection, and a very Hue 
llO.S-camt pink tourmaline from Manchuria under tile Ttoebling fund. 
A oollcctioii of Japanese cultured pearls, consisting of 2 strands and 
395 individual pearls, were received as a gift from K. Mikimoto & Co., 
Ltd. Other additions to the collection included uranium and vana¬ 
dium ori'S from Utah; chrome ones from Pakistan; mangouese ores 
fi'Om India; and tiii and tungsten ores from Burma, 

Tlie meteorite collection again benefited by the continuing interest 
of Dr, Stuart 11, Perry, who donated seven meteorites, one of which 
was an iron recently found at Mayodfm, N. C., weighing I5.4tt kilo¬ 
grams, A sunall sample of the ilsiziba, Uganda, Africa^ meteorite was 
pro^nted by John S. Alhanese. 

Many noteworUiy specimens of fossil Invertebrates ojid plants came 
to the division of invertebrate paleontology and paleobotaiiy as gifts, 
including 710 slides of types of Alesozoic and Conozoic oatracods and 
Fomtninifera from Dr. C. I, Alexander; 20 holotype and paratype 
Tertiary Fomminifem from P. Bronnimann; 1,000 upper Miocene 
invei-tebrates from S. E. Crumb; 200 Triaesic invertebrates from the 
European Alps, presented by Dr. Franco Ihmtti; 600 British Paleo¬ 
zoic and Mesozdk invortebratca from Alwyn Williams; and 000 late 
Tertiary pliints from Credo, Colo*, presented by the late Belle E. 
Stewart. 

More them 100 MiE^lssippian and Pennsylvanian crinoids from Ok¬ 
lahoma were purchased under the Springer fund from Harrell Lt 
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Striiuple.. As in previous years. Hie income from the TValoott fund 
financed paleontological field work n^hich resulted in the acquisition of 
additional invertebrate fossil materials by Dr. 0. Arthur Cooper 
and W. T. Allen from western Tesas and by Dr. Cooper from Virginia 
and Tennessee. 

Transfers from the United States Geological Siin'cy include, among 
others, upper Paleozoic invertebrates from the Brooks Range of 
Alaska, frreh-wnter moUusks, and ammonites. Exchanges brotigUt to 
the Museum seeds of Tertiary plants from Gvviuany j lower Ordovi¬ 
cian brnebiopods from Norway; Cretaceous and Tertiary Forminifeni 
from Sweden, France, Italy, Algeria, and Cuba; Permian fusulinid 
Foraminifern from Tunisia ; and Jurassic and Recent Foraminifera 
from Germany. 

blaterial sulficient for the mounting of a skeleton of tbo giant 
ground slotb, Megatheriumy which was excavated by Dr. C. L. Gassin 
and Fninklin Pearce in Panama, constitutes the most noteworthy ad¬ 
dition to the vertebrate fossil collection. Beautifully preserved mid¬ 
dle Eocene fish were foun<l in the Green River shales of Colorado, 
Utah, and Wyoming by Dr. D. H. Dunklo and Franklin Penreo, The 
field ivork in Pananni and that on fossil lishes was financed from tlie 
income of the Walcott fund. Some 80 fossil mammals from the Wind 
River Eocene of Wyoming and from tlm Oligoceno of Montana and 
North Dakota, collected by Dr. T. E. AVliite and transferred to the 
Museum by River Basin Surveys, deserve special mention. 

Engineering and industTiee *—^The section of wood technology re¬ 
ceived 345 samples of woods of Surinam by exchango from the Hout 
InstituQt, Netherlands. In textiles, 407 wooden blocks used as braid¬ 
ing and embroidery patterns in tlio nineteenth century were presented 
by Edna Plummer, and 16 coverlet drafts of the period 1881-63 by 
I^lah Allison. E, I- du Pont de Nemours & Co,, Inc., prepared nnd 
j>resQntGd an exhibit showing the manufacture, properties, and ver¬ 
satility of nylon yarnu, 

The National Bureau of Standards transferred a collection of 155 
pieces of historical electronic and electrical apparatus, including a 
radiosonde and a radiosonde iransmittcr. Early electrical measuring 
instruments develoiwl by Europeans and Americans were presented 
by the Weston Electrical Instrument Corp. The American Screw Co. 
donated 13 inventors’ models and machines illustrating the develop¬ 
ment of wood-screw-jnaldng machinety in tlie transition from hand- 
fed, individually operated machines to the hopper-fed, semiautomatic 
machines. 

Tlic most important accession by the division of graphic arts was 
a gift from the Sun Chemical Corp-, through the Lithographers Na¬ 
tional Association, of 23 lithogi'aphs of the Fuchs and I^ng collection 
of historical lithographs. A complete technical exhibit of the half- 
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tone process wes [iresented b-y R. li. Doiiuelley &■ Sons Co* The section 
ol photography accessioned a collection of T1 fine pictorial photo¬ 
graphs made by members of the American Society of Photographic 
Art and representing work in control process printing by many noted 
photographers. 

An esbibit entitled ‘‘The Story of Modern Surgical Sutures ” do¬ 
nated by Daris & Geek, Inc., depicts in full color the development 
of sutures from tlieir source through the various stages of manufac¬ 
turing* research, and testing into actual use in the operating room. 

Histertf .—^The Adtinis-CIement collection, tiie gift of Uie late Mary 
I^uisa Adams Clement, of costumes, jewelry, portraits, silverware, 
chins, L>ooks, and papers belonging to the families of John Adams 
and John Qitiiicy Adams, constitutes the most im^mrtant accession 
received by the division of civil history. 

The naval collections were increased by the deposit by the DepUTt- 
meiit of the Navy of scale mo<le]s of tl»e battleship dfissonn, the cruiser 
JirooMjfn of the Spanish-American War period, an LSM and an LCI. 

The medal press and tools used by Edward Stabler, diesinker and 
seal engraver of Sandy Spring, hid., 1794-1883, were acquired by the 
division of numismatics as a gift from Mrs. Maurice J. Stabler. 

Recently isHtied stamps, totaling some 900 in number, were trans¬ 
ferred to the division of pliilatcly by the Universal Postal Union and 
the United States Post OfTice Dc);iartment, 

exrnoitJVTiON aku fikud work 

Following the conclusion of the conference convened by the Cuban 
Ministry of Education at llBbana on problems of Caribbean archeol¬ 
ogy and ethnology, H. W. Krieger v isited several historical Taino 
Indian village sites, notably Vigia and Barnjaguu, in the province of 
Oriente, eastern Culm. On June 14, Dr. Waldo E, Wedel was detailed 
to the Smithsonian River Basin Surveys to supervise tlie excavation 
of a stratified Arikara village site near Pierre, S. Dak. 

In connection with his studies on distribut ion and variation in the 
bird life of soutliern Central America and northern South America, 
Dr. Alexander Wetmore, Secretary of the Smithsonian Institution, 
made his sevenlU expedition to the Republic of Panama, accompanied 
by W. M. Perrygo of the U. S. National Museum. The men located 
at the beginning of March on Ccrio Campuua, the first mountain of 
size found to the west of the depression throogh which Uie Panama 
Canal crosses tiie Isthmus* Tlie work here served to extend the known 
range of a number of mountain forms of birds from Veraguus and 
Chiriqul to this southern outpost of the great mountain chain that 
comes down through Central America. Additional collections were 
made from El Valle in the Province of CocM, where forest stiil remains 
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on luoun tain shoulders around the valley* 11 le fi eld studi es term inuted 
ot the beginning of Aprils when administratiTe matters i-eealled Dr. 
Wetniore to Washington. 

Under the income of the W- K Abbott fund^ M. A. Carriketj Jr., 
continued omitliological collections in northern Colombia from De¬ 
cember to the end of the fiscal year* The work this season e^ctendcd 
into the difficult and poorly knov™ area of the western slopes of the 
Choc6 in the norlliwestern part of the country. From EgenavGiiiura 
Mr, Carrikcr went to the lower Kio San Juan whore he made impodant 
col iceti ons a t Punto ilucliim bo. On Jm u ary W h e mo veil to N uqii f ^ on 
the Pacific coast at the moutb of the P£o Niiqui^ and later continued 
inland to a bise at tl^o higliest point to be reached by canoe travel 
in tlio foothills of tlie Baudo Mountains. His coUectiona covett^d the 
area from the river to the crest of the range. Maps of the region are 
incorrect^ as the altitudes are lower than recordeil and the aunuuit is 
a narrow' steep-sided ridge without extensive lev^e] ground. In March 
Mr. Carriker tmveled farther north to Jurubidi where again he lo¬ 
cated inland at the end of canoe navigation whence be had access to 
the Baudd range. The work liere terminated early io April, and the 
party returned to Model I fn. The latter part of the season was devoted 
to the region in tlie vicinity of Sonson near the liio Magdalena. 'I'iie 
collections mu do this year represent more than 400 species of birds^ a 
number of forms being new to the National Muse nut scries. 

Grants from the Guggenheim Foundation, the jlnierican Philo- 
Eopliical Society^ and special research funds of the Smithsonian Insti¬ 
tution enabled Dr. Herbert Friedmann to devote 5 months to a study 
of the habits and lifu histories of tho honey-guides and parasitic 
weaverbirds in South Africa aiul Southern Rhodesia. At the request 
of tlie U. S. Army Alcdical DoparUncjit Graduate Scbi>ol, Dr. David 
H. Johnson was detailed to accompany a medical re^iroli unit en¬ 
gaged in an intensive study of the mammalian and other husta involved 
in the transanisslon of scrub typhus, and part, at least, of tliis field 
study wiU be carried on in the vicinity of Mount Kinabalu, British 
North Borneo. Under a cooperative arrangement witli the Office of 
Naval Research, Dr. Henry W. SetsEcr departed f ntsin Washington for 
the Arctic Research Laboratory at Point Boriow\ Alaska, on June 
to make an ecologicii] survey duritag the sinniner months of the iiiani' 
mala inhabiting the Arctic slope of Alaska. 0.1-. Cart wrjght made an 
Intensive study of (he inject fauna in the vicinity of the Iiiter-.4mer^ 
lean Institute at Turrfalbfi, Costa Eica. 

During March and April, C. V. Morion was the guest of Urn E.scucla 
Agricola Punitmericiinp, of the United Fnjit Co., located at 
El Zamora no in a inountnin valley sonic 25 miles from Tegucigalpa ? 
Honduras. Collecting trii^s for ferns were made to the cloud forest 
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on the summit of Moxwt Uyuen and to other areas in the departments 
of Morazdn and El Para [so. TVliHe collecting in the cloud-forest area 
of tlie San JuancJto Mountains, Mr. Llorlon was tlie guest of the 
New York and Honduras Rosario Mining Cd. Another longer trip 
woe made to Lake Yojoa, in the departments of Santa Barbara and 
Cortes, and .to the mountains near Siquatepequei, Comajagua, On 
Hay 31 Dr. E. IL Walker departed from Washington for Okinawa 
in response to a request made to the PaclGc Science Board, liational 
iiescarch Council, by the Department of the Army for the assignment 
of a botanist to make a l-months' study of the flora of iho Ryukyu 
Islands. 

The progmni of investigations undertaken by the department of 
geology and iinanced for tlio most part from income of the Walcott 
IxKjuest, involved field work in Alaska, California, Utah, Wyoming, 
Colorado, Texas, Virginia, Tennessee, and PanamS, Dr. Qeorge S. 
Switzer completed field studies relating to the genesis of iron ores in 
die Iron Springs district of southwestern Utah. During the early 
part of the sumtuor of 1050, Dr. G. Arthur Cooper and IV. T. Allen 
continued field work on the Wolfcamp formation, the lowest portion 
of the Permian beds in tlio Glass Mountains of west Texas. Tjater 
in the summer Dr. Cooper visited Blacksburg, Va,, where, accom¬ 
panied by Dr. B. JT. Cooper, of tlie Virginia Polytechnic Institute, he 
spent several days collecting Ordovican fossils fiom the Catawba 
Valley section, Subsequendy a thick sequence of Ordovician rocks 
was examined by Dr. Cooper and Dr. R. B. Neuman, of Gatlinsburg, 
Teim., during a brief visit to the west side of the Great Smoky Jfoun- 
tains. Under a contract between the OJIleo of Naval Hesearcli and 
the Smitlisonian Institution, Dr. A. R Loeblich, Jr., assembled a 
large collection of living Arctic foraminiferal faunas near Point Bar- 
row, Alaska, during the summer of 1950. With the assistance of Max 
B. Payne, of Bakersfield, Calif., Dr. Loeblich, lata in April and in 
May 1951, obtained foraminiferal samples from the Moreno and 
Punoche formations in Presno County, Calif., and with Dr. Iklward 
Bailey, of the U. S. Geological Survey, in the Franciscan scries in 
Santa Clara County, CulSf, 

In the summer of 1950, Dr, D. H. Dunkle and F. L. Pearce made 
careful stratigraplvic collections of fossil plants, invertebrates, fishes, 
and mammals in the Green River slialcs of Colorado, Utah, and 

yoming. Early in 1951, Dr. C. L. Gazin and his assistant, F. D 
Pcaitw, returned to the interior of western Pananii to continue with 
the investigation of the Ploistoceno fauna of that area. Must of tlie 
skeletal remains excavated belonged to the giant ground sloth, 
but, in addition, fragmentary remains were found of a 
peccary, a giant armadillo, and a bird. The field work in Pansind 
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thia year was restricted to large springs near the to\? tl of Pes^ Aa^in 
the previous yesr^ the expoiiitioii was carried on in cooperation with 
the Panamanian Government, and in particnlar with the Mnseo 
Naclonal de Pannmfi. 

At the invitiitioii of Dr» George Crile, Jr,, Mendel L. Peterson, 
associate curator of milihiry and naval history, during the first two 
weeks of June 1951 participated in the investigation of ships wrecked 
during the seventeenth and eighteenth centuries off the Florida Keys. 
Two boats equipped witli air compressors for use with diving equip’ 
ment and a large water pvimp attadied. to a jet hose for clearing sand 
from objects found on the sea bottom were utiliaed in this undenvater 
exploration. Many interesting relics from one British ship, including 
iron cannon barrels, 0* and iS-pound shot, fragments of Chinese porce¬ 
lain and pottery, pieces of rum bottles, clay pipes, and remnants of a 
silvet-trLmmed jar, were brought to the surface. 


VT6TTOB3 


An increase of S46j340 visitors to the Museum buildings was re¬ 
corded over Uie previous year, tlie totals being 2,01 1 ,^26 for 1951 and 
3 , 3 T 0 ,fiS 6 for 1050, July 1950 was the month of the largest attendance 
352,14T visitors; May 1951 was the next largest with 
Attandnneo records for the three buildings show the following num¬ 
bers of visitors 1 Smithsonian Building, 566,110; Arts and Industries 
Building, 1,303,990; Natural History Building, T6T,120. The average 
daily number of visitors was 7 , 100 . During the past 10 years more 
than 19,445,000 visitors liflve viewed the exhibits in these tliree 

buildings. 

CHA?{OEa iTf orqankatios a no btafy 


On October 30,1950, Dr. Clifford Evans, Jr., whose particular field 
of interest is Latin America, was appointed associate curator in tiio 

division of archeology. * .j* tt 

After 42 years of association with the institution, Austin H. Clark 

retired from active service ns curator of the division of echinoderms 
on December 31,1950. During his incumbency the collation of 
denns grew to be the largest, and, except for east Atlantic and Med¬ 
iterranean ai-eus, by far the m®t representative in the world. Charles 
O. Handley, Jr., was appointed assistant curator in the division of 

mammals on November 28, 1850. , *1 l • t 40 

After boilie ES«ci.«d with th. !f.t.01..1 HerUnum for Sa J,.r,h 

EUsTOrth P. Killip. hrad 

p.rbn,iit Of botetiy, retired >t his owl. request on September M, 10.0, 
end to this raoone, Jnson B, Swellen, who had served a. eurator, 
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division of grasses wa3 promoted on December 10, 1950, Other 
changes in that department were the resignation of Dr, George A, 
Llano, associate curator, division of cryptogams, on February 8,1951, 
and the appointment of Dr. Ernest R. Solms as associate curator, 
division of grasses, oiv June I, 1951, 

Arthur L. llowsher, associate curator, division of invertebrate 
paleontology aj)d paleobotany, returned to tlio Museum rolls on 
August 1,1950, from tempoiary transfer to the U, S. Geological Sur¬ 
vey for special stratigrapliic and paleontologic studies in the 
llissisaippian rocks of nortliern Alaska in connection witli eipioration 
for oil in Kaval Petroleum Reserve No. 4. 

On June 31,1951, the department of engineering and industries lost 
by retirement Fred C. Reed, associate curator in charge of tlie sections 
of nmnufactui'cs and agricultural industries, after £8 years of service. 

Charles Cansy, actuig head curator, department of history, re¬ 
tired at Ids own request on November 30, 1950, after 30 years of 
government service. Mrs. Catherine L. Manning, assistant curator, 
division of philately, retired January 31,1951, after ST years in that 
division, having reached the statutory age limit. Franklin R. Bruns, 
Jr., pbiitttGlic staff colmnnist for the New York World Telcgi'om 
and Sun, was appointed oil February 9,1951, to succeed Mi's, Miirmtng. 

Respectfully submitted. 

Reiitngtox Kei.i.oco, Director, 

Dr. A. WEnioRE, 

Secretaryy Sfiilthaoniati Instiiutioin-, 
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Report OD the National Gallery of Art 

Sre i I have the honor to subn>it^ on behalf of tho Board of TrustMa^ 
the fourteenth annual report, of the National Gallery of Art, for the 
fiscal year ended June 30,1051, This report ia mado purmiant to the 
provisions of section 5 (d) of Public Besoliition No. 14, SoYonty-fifth 
Congi'csa, first session, approved Slardi 24, 1037 (50 Stat. 51)* 

ORQANI^iTlONr 

Tho statutory members of the Board of Trustees of the National 
Galloiy of Art are tho Chief Justice of the United StateSj the Secre¬ 
tary of State, the Secretaiy of tlie Ti’easury, and the Secretary of tho 
Smithsonian Institution, ex officio. Tlie Evo genera! trustees con¬ 
tinuing in office dtirhig the fiscal year ended June 30, 1951, were 
Samuel IL Krca?, Fordirmnd Lammot Bel in, Duncan Pliillips, Cheater 
Dale, and Paul Mellon* The Board of Trustees held its annual 
nieeting on May 1951. Mr* Kress was reelected President and Mr* 
Bolin Vico Prl^ident, to serve for the ensuing year. Donald D. 
Sliepard continued to serve during tho year as Adviser to the Board. 

All the executive oRicerg of the Galkrj^ continued in office daring 
tJie 3^car: 

OunUegton CalmE^ Sccretair^Trcasurer* 

David E- Finler^ Director. 

Harry XteUrtde, AdmlnlBh-Btor* 

HuntLagtoD Cnlma, Ocftcral Cout^L 
Jolin WaUcer, Glilcl Cumtor. 

MaegiU Jame^, Afi^tstoDt Director. 

Tlio tlux'e standing committeta of tlia Board, as constituted at the 
nnnual meeting on May ], 195Ij were Jia follows: 

EXECinrvE toirMmxx 

Chief Justice of the United Stnlca, ei oIUcIo, Fnnl M* ViiiMn, Clialmuin. 

SaoiUEU H, Ktefv^e Vice ClialraiaD. 

Fi^rdlnQiid Laminol &elin. 

Secretary of the Sroll haontnn Ipatitntlon, Dr, AleinadcT Wttimiiie. 

Paul Mellon. 
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wmA^c% coH^rrTEE 

Secralary of the Treasurer ei officio* Johb W* Snyder^ ChalmiflJi- 
Samuel ii. KrefU, lice Cbalrmaa 
FenUu^rLd !Lfflnmjcil BeKfl, 

Cb Biter Dfile^ 

Patil Mellon. 

AtrftcnamoJffl coMMirit^ 

Samuel H. Kresst CliDirtaan. 

Feidlnantl lawiBOt Belln, Viee Chalrnmo. 

DuncRn PhtMIpfl. 

Cbefitcr Dale. 

David E. Finley* es olDclo. 

On June 30, 1051, the Govemment employees on tho staff of the 
National Galleiy of Art numbered 308, which Is the same number 
as on Juna 30, 1950. The United Status Civil Service regulations 
govern tlie appointment of employees paid from appropriated public 
funds. 

ApyUOPHlATlOKS 

For the fiscal year ended June 30,1951, the Congress of the United 
States appropriated for the National Gallery of Art the sum of 
$1,179,000 to be used for salaries and eipenaes in the operation and 
upkeep of the Gallery, the protection and care of works of art acquired 
by the Board of Trustees, and all administrative cipens^ incident 
thereto as authorized fay section 4 (a) of Public Sesolution No. 14, 
Seventy'fifth Congress, first session, approved March 24, 1937 (50 
Stat. 51). Of this appropriation $25,000 was reserved under section 
1214 of tlie General Appropriation Act 1951, Public Law Kow 759, 
Eighty-first Congress, approved September 0, 1950, by the terms of 
which the Bureau of tlie Budget was required to save a total of 
$550,000,000 from the funds included in the general appropriation 
bill for the fiscal year 1951, Of the available balance of $1,154,000 
the following expenditures and encumbrances were incurred; 


I^rsonal services __—-—— - — $1. OM, 6S8.36 

Printing and reprcMliictlon_ 335. 41 

cqutpQcntj ---- 146 ^ tl'Tfti (SO' 

Cnobll^ted bnlJince--..-- -----— 59.64 


Total— --- 1, IMp000.00 


In tho fiscal year l&SO, the Xational Capital Sesquiccntenxual Cora- 
misBion transferred $25*000 to the Gallery to be us^ for expenses in¬ 
curred in connection with the ^‘Makers of History in Washington, 
1800-1050^* exhibition which ran for the period from June 29^ 1D50, to 
November 10,1950* A total of $23,863.94 was spent on the exhibitions 
and the balance of $1,131.06 was returned to the United States Treas- 
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ury Department for the account of the Kational Capital Scsquicen- 
tennial Commiaaion. 

ATTEJf DANCE 

There were 1,503,143 visltois to tlio National 0311^7 of Artjlunng 
tlie fiscal year 1951—a daily average of 4,141, From March 17, 1941, 
wlion the Nationnl Gallery of Art was opened to the public, to June 30, 
1961, the number of visitors totaled 18,701,417. 

TENTH AKNlVEKBAnY CE1J.EHAT10K 

On March 17, 1951, the tenth anniversary of tho opening of the 
National Gallery of a special niglit opening wiia held from 9 
until midnight, and on that occasion an oxliibition of paintings and 
fiCulptUFC and Eenaissanoe bronzes acquired by the Samuel I' . Kresa 
Foundation fiom 1945 to 1951 was placed on view for the first tune. 
The number of guests attending was 94^350* 


ACCKSSlOXS 

TJiero were 4,044 accessiona by the National Gallery of Art, as gifts, 
loans, or deposits, during the fiscal year. Most of the paintings and 
a number of the prints were placed on esbibition. 


PAiartNGB 


On October IT, 1950, die Board of Trustees accepted a painting, 
“Portrait of a Man” attributed to Justus Snstermans, from Mrs. 
Charles Baird and Mts. Gerhard H. Dicte. Tile Board on p«emtor 
0, 1950, accepted four paintings: “Madonna and Child Saint 
Peter and Saint Stephen,'* Sienese School, c. 1400, and Fo^xt of 
a Man with a Dog*' by Cariani, from Samuel L. Fuller^ Thomas 
Paine*' by Jarvis, from MUs Marian B. Maurice; and an anonynio^ 
gift of a portrait of Chief Justice Fred M. Vinson by riiomaB E. 

Stephens. Tlie Board accepted three paintings on May 1,1951: from 

Mrs. Albert J. Beveridge, “Madame DletK-Monin*' by 
the estate of Mre. Julia Marlowe Sothcru, a portrait of Mrs. So here 
by Irvina R. Wilea; and from Mi-s. Richard Southgate, A Scholar 
of Merton College, Oiford” by Joseph Higlimore. At t^ 
the Board accepted from the estate of Snm A. I^wisohn 
by Gauguin, “Oaremeli at Cliatou" by Reno,r, and “Mendmg the 
Harness" by Ryder. During the year the Board received Woman 
with a Cat” by B^nolr from Mrs. Benjamin E. Levy, 


jLirrt 

Tile Board of Trustees on May 1,1951, accepted a Gobclina tapestry 
representing Apollo and Daphne from Lewis i ein. 
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AND D^WINGS 

On October 17, Ifl&O, the Board of Trustees accepted from David 
Keppeil an engraving^ ‘Torti^ait of Gelliiis de Boiima, Minister at 
Zutphen ” by Comelifl Visscher. The Board on December fi, 1950, 
accepted 1,295 Historical Portrait Prints from Ijcssing J. EosenwalcL 
On the same date the Board approved the addition of 46 etchings by 
Alphonse Legros to the gift hy George Mattliew Adams of prints and 
drawings by Logroa and other works of art* On December G, 1050, 
the Board accepted 295 prints and drawings and again on Dcceinber 
28, 1950, 770 prints and drawings from T-essing Rosenwald to be 
added to his gift to the Gallery; and al^ dm-ing Februsiy the Board 
received from Mr. Rosenwald 10 old-ninster drawings from the 
Ljechtenstein Collection. The Board on May 1, 1951, accepted an 
engraving of a portrait of Augustus Stellingwerf, First Lord Admiral 
of Friesland, by Blooteling after van der Hebsit, from David Keppel, 
and a collection of 14 prints of historical portraits from Hermann 
Wunderlich. 

^^ClIANRE OT %VOe.K3 OF ^VET 

An October 17, 1950, the Board of Trustees accepted the offer of 
Leftsing J. Rosenwald to exchange the Delacrois etching ^Rencontre 
de Cavaliers MaiiTes” for a superior impression of the same work; and 
on December 0,1950, tlie Board also accepted Mr. Rosenwald^a offer to 
exchange a Renoir etching, ^'La Danse a la Campagne,” for a superior 
impression of the same wort 

WORES OF ART OX t-OAK 

During tJie fiscal year 1951 the following works of art wens received 
on loan by tlic National Gallery of Art: 

Ptam. ^rf« 

Mits, Hjothort BiwkingTSh WaalilagtiiaH D* C,: 

l4ab«t Valid-. _ _ ___ Sargent, 

Ghcftcr DalOf Now York, Evh Y.: 

Kudo wUh Bed Hair ___ _ __ _ Belloa^. 

Portrait a I^y -......--- Antonis 5Ior, 

Sir Hebert Oaton- -- _ . Stuart, 

Safnucl k Fuller, Now York, N. Y*: 

Portrait oT a -RtUvUti. 

Madonna and CMEd, , - --- _Blchcsc Schi^h Fnrly XIV 

Conlury* 

FortriUt of A ^ Rp nnia^ SohocL 

Portrait of a Man and IJoy __ _____ Tintoretto. 

WilElam IL Jeffreyfl, New York, N, Y.: 

Tbo Jeffreys Family....*... -- HoEortk 
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Sninucl H. Kresa PoundatiiSn, Now York, K, Y.? 

The Expoctflut Madonna wStb Saint Amiona, School oh 

The Adoration of the Magi^ ---- AngellcOi Fraj and Llppii 

Fra FEippo. 

Portrait of a Young: Lute Hnyer__-_-^--^- -- BaochiMta* 

Daphne Found Aflicep bj ApoUo_._._„---^-. Bmoiommcodi Giovanni. 

Daphne FlMlng frtin Apollo . - . — - Bftrtolomnioq di Giovancj. 

Portrait ot a Man of Letters -- - Basswio. Jacopo. 

An Episode from the Life ol PublfM* CorneUua Bellini, Giovanni. 

Scipio^ 

Pertpalt of a Bearded Man ---- - BelUnip Giovanni 

Entrance to a - BqllottOp Bernardo. 

Saint Anthony Abbot..,.- . - .- Bcoa^lio, Francesco. 

PMsJon of Our Lord.. __ - . - Benvenuto dl GiovanilL 

Death and the Miser _ - . . . Bosch, Kieronymue. 

The Virgin Adoring Her QiOd, - BottIctEiL 

Queen Christina of Sweden --- Bourdon. Scbwlfen. 

The Rcsurreotloii of laianiB ----- Bramanilno. 

The Gathering of BrfiinaT»tifu>+ 

The Apparition of Christ ataortg the Apostlea,-- Bramantino. 

Madonna and Child with the Infant Saint John Brontino, Agr^oto. 


the Bnptiat. 

Landacapa with the Temptation of Saint Ajithony 
Abbots 

Undseapo with the Mariyrdom of Sain I 
Catherine of Alesandria. 

The Pioxictta in Venice^------- — 

II Baeino di Ban hiarto_,----^- -- 

Latidawtpo,-- -- 

Venua Adorned by th^ Graoca.---, - - -—- 

The Dream of Saint Catherine of Alejrandjria..,- 

Omer Talon _ -- —------ 

The Aiientivo -- 

The Kitchen - 

StiU Life_.__„,^— - 

A Donor and His Wife-- --- 

Madonna and Child wllh Two Anpe^la.- - - - -— - 
Landscape with Mcrehniita--- 
Madonna and Childs -- 


Bruegyl, FieteFt the Elder. 

Brues^ip the Eider, 

Catinlettp. 

Canaletto. 

Gnrracci, AnmboJo. 
Carracel, Annibale* 
Carracefp Ixidovico. 
Chftmj^agnc^ Philippe de. 
Chardin, Jean-Bapttsto- 
Sim^n. 

Chardin^ Jean-Bap 
Bini6on« 

Chardinp Jcan'BapttBto- 
SLmdnn. 

Chriatin^ Pctrus+ 
Cirnohiect School of. 
Qaudo Ijotrain. 

Cranaohp Lucas, Ihe 
Elder 


Madonoa and CMd Enthroned, Surrounded by Daddi, Itemardo. 

The''pSr^tttfion Md Marriage of the Virgin, Dlaim, DesodelUJ. 

Annuiioiatira. jj Albrecht. 

Port«ut of ^Clergyman.AlKteeht 

Madonna and Child Rev., I^t aud Hi* Dttrtr, Albrecht. 

Daughter*. Jn Tjuunca Dvet, Rif Anthony vaa. 

Dona Fol>T£e!ift Spmolfl Gunman da luCganM^ j 
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n^i* 

EamDcl H. Krias FoiiiidatEDii, ye?? Tort, N. Y.-HliiiitJjiiiefl 

Portrait of ft Mun . ... . Emilian MftBtor. XV 

Century. 

The Aaautnption of the VTiism,.,-- Fj!. Paolo di Giovannr. 

Madonna and Child with Ssum Francrs.*.-^^_,, Florentine School, o. }440. 
Portrait of a FlorcmUne School, c. 1475. 

baant Anthony of Paduft._____ . . . Foppa, Vinoonao. 

AJtflbdlo Avootdo of Breacifl -- _ Frmieia. Francesco. 

Madonna In Glory i?dth Infant _ Garofalo. 

^0 ^mnatfon of the Virgin. - -- Ghirlandaio, Domonico. 

ne Feruiz! AltATpioce....---Giotto and AaslsUnta. 

CruoLfiKion with Scones from the Fasafun and Giotto, School of. 
from the Li/o of John tho Baptfat. 

Saint Jerome Penitent.. -- Go^aert, Jan CAIabnse). 

Dance of Salome and Beheading of Saint John Goiaoli, Beno^xa. 
the Baptist. 

Tho Adoption at t)ie Magi --- HiBpftflo-Dutdh Alftftter, 

Tk lit - ^ ^ Cent«i7. 

TLe MftmmrefttCimft. . Hfepano-nemlsl. Mwter. 

eWamons tha Doclora... . . . Hiepiuio-FKiiniBh Mwter. 

Monsieur Marcotte, . . .. Jesn-AupBte 

minique. 

Pope Pie, VII Id the Bfatino GhftpoL..,„. Jngra. Jeftn-Aug^te Do- 

^ ^ minique. 

ModonDaond Child Enthroned -- - - Jacopo <kfJ Cusentioo. 

The Pwmc after tha Hunt. -- Lannret. nieolaa. 

A Frtaeh Interior .... Lc Nam. Louiu. 

Portrait of a Young Ladjr. . . . I^naido da Vlnoi Studio. 

^nt Jerome in BU Study... .. . . yppi^ Filippino. 

^intJaromo. . .... Lotto. Loionzo. 

^iHt Blessing -- - - Luca dl Totnine. 

The Christ Child Dlofiaiog. --- Mantegna, Andrea. 

Portrait of ft Man. . . . . Mantegno. Andrea. 

A Miracta of Saint Benedict - - - - Marmlon. Simon, Studio 

„ . Of. 

Portrait of a Man .. . . ._ Maeter of tho Arohiiite 

Tk .. j - PoTirait. 

The Madonna of Humility --- Maater of the Buithing- 

Tk„ _ . Palace Madonna 

The Enclosed Garden.. .. . M^^r of Ffcmallo, Studio 


of the Life of 


Saint Jehu tho Buptbt Meotd Two PhAfiseei _ Maxtor 

Saint John S^^of 

The OlJSui« of Saint Anthony Abl>ct - M«^r o^JL' tS?^a 

£^” c^r:” «!!!“• 

Mary Qu«n of Iteaven . . .. 


of tlifl Baint Lucy 
Legend. 
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Fnm. 

SumQel Hr Kress Foundation* New Yort+ N. 

ThR CnielBKioD_ ____ 

The MAgl before 

PortnJt of a Man..,- 

Saini Veromaa----- 

Piet*._____ 

Portrait of a GentSeman in Black,,_-- 

Porirait of a Mau.^.^^__ 

Christ among the Boctore^^^^- 

The Afamagje of the _ 

The Triumph of Caesar__ 

Rebecca at the WelL,—----- 

Elijah TAken up id a Chariot of J^re,^ 

Young Man lu Oriental CoatuiM^.^-. 

The Feediag of the Child Jupiter,,,-- 

Holy Farolly on the 8tepa-—--- 

Saint Bartholomew^-.. 

The Old Bridge--- 

Portrait of a hfau in Aimor-- 

Coral Fishing In Africa,-— 

Portrait of a Man.,.-- 

portrait of a Knight---- 


—Continued 

_ _ hlatteo di Giovanni* 

__ Matloo di Glovatinf, 

MM?ola, rdippo. 
MemliDgk Haus. 

_ _ Moretto da Brescia, 

_ MoroiU, Glovatiiii Dat- 

tbia^ 

North Italian School 
(probably)* 

__ Orley* Bemart van. 

_ _ Orleyp Bemartvan. 

_ , _ - - Palma VeochiOi 

_ Poitegiiai^ Giovanni An¬ 
tonio. 

Piaascltn^ Giovanni Bat- 
tbla. 

PiaxwtU^ GievannI Bat* 
tbtA. 

PousBin^ Nicolas, 

FouMiOp Nicolas, 

__^ RLberap Jusepe de* 

. Robertp Hubert, 

RomaninOp OlrolamOi 

_ Rosat Salvatore. 

__ Roaso. 

__ _ SavoldOj Giovanni Girol¬ 
amo^ 


The Adoration of the Child,--^ —- 
Cardinal Bandinollo SaLLUp Hb Secretary and two 

Goographem. 

Portrait of a Young Womflu as Maty MagoAlc*!- 
The Adoration of the Shepherds witb Sain t John 
the Baptist and Saint Bartholomew* 

GflJvary_,„^_,^- - - ------ 

The Flight into Egypt and Christ among the 


SaJvcldOj Giovanni Glrol- 
aiuo* 

Sebaatiano del Piombo. 

Sebaatiano dd Piombor 
SlervM School* C- 1440, 


SignOrelUi Luca. 
Signorelli* Luca. 


doctors. 

Saint George and th# Dragon-, 

Bbhop Alvbe Orimani,,^----- —-— 

Sniiit lAwrehcO Giving ll>e Tr«i*ura of tH# 


Sodoima, 

BtTOiil, Bernardo, 
Stmoil* Bernardo, 


Church to the Poor* 

Apollo Pursuing Daphne,,,---- -*--- “ 

The Satrlflce of Iphigenia,-, ---* 

The Circumciflion of the Children-—^-- -—- 

Vafifltlan Lady in DomLno and iVicorne- - - , - 

The Apotheoab of Oraiio Porto----^----*-y 
Portriut of a Meirtborof the Conlarini Farm y,-- 
Portrait of a Procurator of Saint Marta—— 
Portittit of h Yfning Lftdy « Veniu Binding Uae 
Eyes of Cupid. 


Tiepolo, Giovanni Batlbto^ 
Tiepolo, Giovanni Battbta, 
Tiepolo, Glovanoj DaUiata 
Tiepolo, Giovanni RstUata, 
Tiepolo, Giovanni Battiffta, 
Tintoretto. 

Tintoretto. 

Titian. 
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AKmrAL BEPOriT SMUKSOKlAlf INSTITUTION; 1951 


Frnm- ^iit 

Ur FotiH:cU.tlou» Yor^, N. %—C^nUnn^ 

BAnuecio _ _ _Titian. 

Alessandro Alberti with a Page,______ Tltiniii KorLhem Follower 

of. 

AoTiiiJ^eiat.o Virginf Arehaagel Oabrielf Saint Tura, Oosimo. 

Fraoeis^ Bishop Saint hlaureliuB. 

The Flagellation of Christa-__ Unubrian Schoot^ Ch 

The Edly Family -- - -- VonoUan Schodt t. 1500. 

T!ie Coutitess of Sehoenfeld ____ Vi^eo-Lebrutij Blliabeth. 

Allegory^..______ , ___ _ BordonOp Faris^ 

The Depoelilon of Christ^,. ___ CrceOp Ei (Don^Dleo 

Theoiobopulckfl). 

Thetis ___ __Bomiiifp Ctiovimm, 

LorenaOp School of. 

_ _ _ _ __Bouehardon^ Edme. 

Apollo of Lycia.. ... . . Caitdido^ Elia. 

A Bacchant ____ ___Clodion (Claude MSchd), 

A Bacchante^--______ Clodion (Clandc Nriehcl), 

A Bacchante ^'ith Cluaterof Grapes in Left Hand, CiodEon (Claude MkheD. 

Madame Eoyajo aa an Infant-,,^__ CJodion (Claude Michel). 

Peelry and Muaic,^. _____ _ Ciodion (Claude MSchd). 

A Vestal, ______ __CJodion (Claude Michel). 

Louis __CojisevoK, Autoinc. 

FhIJlipe, Due d'OrEeans__.,,,__,,_ _ Cnyiscvoip Antoine, 

Marlame de Fuinpadoijr as the Venus of the Doves* Fatconei, Etienne^ 

Maurice. 

Saint Barbara,*^ _ __ . ____ Franeo-Portugueec 

SehooL 

Apollo and Marejas._ __ ____ AiliihoJangelo^ attributed 


to. 

The hfiEac Caliiope^___Pajoit, Augustin. 

Ghlatca..------- - --- Bebtirt It Lorrofn. 

The Dew.......Ilol>ert It Lorrain. 

Fainting and Sculpture______ Ta^isaortp Jean-Fierre- 

Antoine. 

C. S. Gulbcohiao^ Lisbon p Portugal: 

3 rare boohs (from the ’VVilmcrtlLng CoUtctlon). 

Itobcrt Wooda Biiss^ WaHhington, D. 0.: 

2^ objects of Pre-Colutnhiaji art. 


I/ 3 A 3 ^t:i> WORKS OP Airr RETUlt^EO 

The following works of art on loan tvere rc^turned during tlie fiscal 


year 1 D 51 : 

^ ArtW 

Copley Aniory^ Wo^ihuigtoup D, C,: 

l^zAbeth Copley (Mrs, Gardiner Greene]COpley. 

Sel^PortTAit.*.---Copley. 

Chester Doltp New I'erkt X, Y.: 

U Gheralifr T»uli HiiKbe dc Mantour. . Curio (Cliarlea-Audre) 

Yon Lao. 
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WOKKS OF ART U^NT 

During tlie fiscal year 1551 the Gallery lent the following v^orka of 


art for exhibition purposes: 

Tff Aiiid 

Birmingharn of Art^ Birmiogham, Ala.: 

George FoELoek_ ____ GffberL Stimrt. 

Mrs. George Polioek_ _____ Gilbert Stuart. 

Ajiidrew JAckflon,,^-,__ __ Thomas Sully. 

Fogg Art Alu^aeum, Cambridpei ^fass^: 

Costume Study (drawmg^ — __ _—— DOrer. 

Metropolitan Mufeum of Art, New Yorit^ N+ Y.: 

Young Woman Sn White_Itobert Henri. 

Pbiladc^lphla MMseum of Art^ Philadelphia, Fn. : 

The Dead Toreador, . . . Manot, 

The Danoer- - - ReimSr^ 

Mrs. Richard Y'ates. __ _ _ __ _— GSlbort Stuart. 

The White G|rL,____.-. _ _ _ W^hifStler, 

drawings: 

Tdte4-Tito . . ... Boucher. 

Costume Study ___ DOrer. 

La Fotlte Luge-- . Moreau Lg Jcuhe. 

EElcser and RGbeeOa at tho Well-Rembrandt. 

Colonial W'Oiiaioabufg and the Collcgft of William 
and Mary, WDUamsburg, Ya.: 

Henri' h^urena -- - —--- -- J. S, Copley. 

Thomaa Paine..- --- -Jarvis. 

Benjamin Earrison ___- - - G. W. Fcalc. 

John RATidfviph ■ _ _____ GUbert Stuartv 

Ale.^'karLdcr Hainilton-.-.--John TnmibulL 


EilflhmoJiS 

During tlvo fiscal year 1051 tlio following eshibilicus were held at 
the National Gallery of Art: 

Ro3cnwaTd Ctollcvtiflii. H^hibltion oT roj»at accessions of piiftta and drawings 
in the Leading J* Rosenwald Cbllectkm. Continued from pren-ioiw fiscal year 
(hrough October 15. 1050. 

"^Isik^ra of HLstory lu WflililnKtod. HiOO-lOCO.*’ ExlitbltEco OelcbrsHnff the 
Pc^ulccmteunhil of the Estfihlislnaent of the Federal GoTernraent In the City 
of IVnehliii.'tiin. Continned from previous flscai jenr through Kovenihcr lH, 
1950. 

Pulntluge from the Gulbeuhlim CoUtcHoa. Lent for an indeHtitte period to the 
National Gttllerf of Art Ibr eshiblttOB hy O. S. Gnlbenklati. Opened October S, 
IDSO. 

Canndlnn Palntlng^L Eshlhltlon of Osimdlflin palntloga arranefitl by the Nn- 
Oonal OHlIery of Cunnda. October 2» ibrough Decemher 10, IBM. 

'•Vollnrd. Conaoiasuar," EshIMllon of prints from the [^ing J. Rowowald 
Collection. Decemhcr IT, 1039, tbroiigli April IS, 11131. 

Kresa CoU«Uon. ExhiblHoTi of pnlntlngB. ncalpture, nnd bronws for tbe 
Tenth Analverenry of the Notlunul GaUcry of -^rt. Opened Ifarch IT, 19M. 
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Flower Prints* Original BotimieiU DrawStigs, ami Oolor-PlaU Books, ExMIjI- 
t[ot] froDi tbe coUettlnD of llts, Ris? A. April 22 thraash June 10^ 1061. 

American PlilnilngH from the Colleoclon of the NoUuftBl Galierj ot Art, Openef] 
June 17. 1861. 

The following exiiibitions were displayed in the cafeteria corridor 
of the National Gallery of Art during the fiscal year 1951 r 

Pollc Sculi^ture t\m\ Felt Patnticf;, ImTex of Americnti Water-color 

ranacricies. ContLaucff from previous ascal jear tbraii,^^ Au^st 1, 19^. 

Prints l)j Mary Cassatt Itosenwald CoUeeUoa and gift ot U\m ElissboOi 
Acbclla. Au^t 2 through October 15,1050. 

Popular Arl in tbo Uni Led Stat^, Index of American DesSgii. Water-colOF 
renderings, October 16, 1060, throGgtl 14^ l»5t 

Porttasia of Stuart mil Tudor Times. Uo^nwald Collection and gift of Wil¬ 
lis HL ItnlTner. Jnnunrj 15 tbreugb Aj;trll 23, 1051. 

EteiJinga by WbEoElet Gift of Jtr. and Mrs. J, Wnteon Webb. April 24 
Ibrough June 24, 196L 

Rmn'a^'tngs by William Blake, Gift of anonymoiiB donoFn Opened June 25+ 
1951. 

TRaV'ELI^lq EXHIBITIONS 

Hosenwald “Special exhibitions of prints from the 

Kosenwald Collection were circulated to the following placf^s during 
the fiscal year: 

t'blladeliibla BilnBeiuu of Att^ FbiEadeJphla, Pu.: 

3 drawings. 

October IBM. 

Unlvetafty of MicdcsoEa Art Gallery, [duos polls, Mlun.: 
a pr^tits. 

October 1960. 

American FtdeniUoa of Arts, Wasblngtou, D. C.; 

SO prlptti for ctrenlatlon by the Fidcrntlom 
October 1G50. 

Columbln Moseitm of Art, Columbia, S. C,: 

40 Hogarth and Howlandson lirlTita. 

October 1050. 

Pblladelpbln Art AlliaDee. Phliadelphln^ Pa.; 

S prints. 

Nocember IbSO. 

Smith College JIuscueh of Art^ Northamptoa, Mass.: 

M prlniiJi. 

Etecember I960. 

Pasadena Art lnstltnte+ Pasadena, Calil: 

11 Tnuluuse-LaLitree prlnta. 

January 1051. 

Cnltersllr of reDuaylvauia Muaeam. PbUmdelidiia, Pm: 

1 water color, 

April 1951. 
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iTideas of Americm UfiAiVn.—Diiving the fiscal year 1®D1 eihibitioiw 
from this collection were shown in tlie following States; 


^ai4 sA^(>IClpni 

Arkiuifiiia^*^-- I 

Cftiifomia-. -- 4 

ConnecUflut-.... 3 


District of ColmnbiA.^ . . . S 

DdawAre.^. _ 1 

Floridi,__ -- ^ 

IililioJa„-- - 1 

ludianJl _ 1 

Kentucky---,,--- --- 1 

M(u*ylBJid. -- I 

Mutfachuscttd-. -- 2 

..... 2 

MijujesctA- —---—-- ^ 

Musoiirl.^ - - ----—-- - 2 

Nfiw HAmpfptLW,-. —-- — — I 

New Yorlc^ _ ® 

Noitli D&kota.^ - 1 

Ohio --------— * 

Fencsy I vfLitiA_3 

Toxas. - -- - -— ----- ^ 

UlBh--^ - - - ^ 

Twq eshibitions from this collection were circulated in Europe 
during the fiscal yenr^ 

Ctm^TtUWAL ACTIVITIES 

Tha Curatorial Department aoccasioned 2,457 new gifts to the Gal¬ 
lery during the fiscal year. Advieo was given i n the case o f 305 works 
of art brought to the Gallery for opinion, and 41 visits to other col¬ 
lections were made by membere of the staff in connection with prof¬ 
fered works of art. About BOO paintings were stu^^ and con¬ 
sidered for posible acqniaitioti. A total of 1,311 intjui^ries requiriiig 
research were answered. During tlie year, Id individual lectures 
were given by members of the curatorial staff, both at the Gallery 
and elsewhere. In oddUion, Miss EUeebeth Ifongan conducted a 
seminar with Robert Walker for Swartlimore College; and Charles 
IL Richards gave two courses in art liistory under the atisptcea of tlie 
Department of Agriculture. Perry B. CoLt served as chairman of 
the Medieval section of the Symposium of the College Art ABsociauon 
held St Dumbarton Oaks; Mr. Sicharfs printed reports to the 
American Association of Muafums meeting m I hiladclphia on rrea- 
erratiun of Essential Records during an Emergency" and ‘‘Sugges- 
tioM for a Work of Art Shipping Label." He ^ed on two com¬ 
mittees of the Association, acting as chairman of on^ During the 
year Miss Katharine Shepard was elected secretary of the Washington 
Society, Archaeological Institute of Americe. 
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Special installations -were preimteiJ for the European Paintinga 
from the Gutbenkian Collection^ lent by C. S. Gnlbenkian, Esq., and 
for Painting and Sculpturo froin the Kress Collection acquired by 
the Samuel H. Kress Foundation, 1D45-I0i>l. 

The cataloging and filing of photograpfia in the George Martin 
Sichter Arcliives continued to make progress, with tiie gradual en¬ 
largement of the collection. Also, about 100 additional catalog notes 
were prepared for the new catalog of paintings in tho National 
Gallery. 

Furtlier actiTitics of the department are indicated imder tlic head¬ 
ing ^‘Pubiicatioiis,*’ 


RKSTOItATIOK AND SarAiR OF WORKS QT ABT 

Noe<®ary restoration and repair of works of ait in the Gallery’s 
colWtionfi were made by Francis Sullivan, resident restorer to the 
Gallery. All work was completed in the restorers studio in tlie 
Gallery. 

rUBLlOATrONS 


During the year Huntington Cairns contributed on urticlo on the 
late American philosopher, Mon-is K. Colmn, to t]m Eivista Tnter- 
nazIonalB di Filosofia del Diritto; reviews of “Styles in Painting," 
by Paul Zucker, “Impressionisls and Symbolists,”"by Lioncllo Ven¬ 
turi, and “Painting in France, 18S)5-ia4&,” by Son Lazzaro, to tho 
lalo Beview; and the foreword to "Momla and Law: tho Growth of 
Aristotle's I^gat Tlieory,*^ by Jlas Hamburger. Ho also delivered 
a series of eight lectiirea at the Johns Hopkins University on “Tlie 
Theory of Criticism.’’ 


'^e book “Pointings from America,” by Jolm Walker, published 
by Penguin Books, Ltd., appeared during this year, and Mr. IValker’s 
book ^view of “Landscape into Art ” by Sir Kenneth Clark, was 
puhhshed in tlie December 1950 number of Burlington Magazine. 
Also, Mrs. John Sliaplcy contribute<l an article, “A Predclla Panel 
by Bctio^zo to the- Gazette Bcaus-Arts, 1950. 

An illusti-atcd catalog of European Paintings from the Gulbenkian 
ce ion w^ pr^a^ by Mrs, John Shaplcy and wag issued for 
the owning of tile Gulbenkian exhibition on October 8,1D50. An lUus- 
trated catalog of Paintings and Sculpture from the Kress Collection 
a^uired by tho &imud H. Kress Foundation, 1345-1951, was com¬ 
piled by M Ilham E. Suida, curator of research of tbo Samuel H. Kretss 
l-omidahon, m collaboration with the Curatorial Department, with 
foreword by hfr Finley and introduction by Mr. Walker, for tlio open¬ 
ing of the fenth Anniversary Exhibition, March IT, 1951. Perry B. 
^completed a catalog of the Kress Renaissance bronzes for the same 
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Pj'Ogrcis WAS made on the second Toliune of ‘^Masterpieces of Paint¬ 
ing from the ntional Gallery of Art” by Huntington Calms and John 
Walker; and w*ork on Erwin 0, Christensen’s second Decomtive Arts 
Handhookt ^Objects of Medieval Art,” and his third Decorative Arte 
Handbook, “Jewels and Bock Crystals," approached completion. 

During the post fiscal year the Puhlications Fund added B new 
ll-x-14" color repraductions to the large group already available, 
and 5 mote plates of the new Kress paintings were completed and 
ready for use; 17 additional new plates in this siae were on order. 
Portfolio No. 2 on “Tlie Life of Christ,” containing fifteen 11-1-14" 
color reproductions and accompanying text, was issued. Art exchange 
of ll-s-14" prints with the Metropolitan Museum in New York was 
also instituted. 

The long-awaited book entitled *'Tho Index of iVmerican Design,” 
with a foreword by Erwin O. Christensen, was published during the 
fiscal year and received wide acclaim. A new type of publication, a 
guidebook to the Italian paintings, is now on order. 

About 3,000 copies of the catalog for the Scsquioentennial Exhibi¬ 
tion, put on sale a year ago, were sold; and during tlie exhibition of 
Canadian paintings over 300 catalogs os well as portfolios and maga¬ 
zines were disti ibuted. 

A new set of Index of American Design playing cards was made 
available; and Lhiee recordings by the National Gallery f>ymphony 
Orchestra weio put on sale for the first time. 

ZDUCATIOXAJj PBOORAM 

The attendance for Uie General, CSongrcssionol, and Special Tours, 
and for the “picture of tjie Week,” was more than 3T,000 for liio fiscal 
year. The Sunday afternoon lectures in tiie auditorium, by members 
of the staff and visiting lecturers, raiitinue to bo a popular activity 
of the Education Office. Tlmeo Sunday afternoon progranw wore 
given over to tlte showing of educational art films. 

The work of the Department has been e.vteiided by cii’cuIatiTig the 
black-and-white film strip of 300 paintings from the Gallery’s colloc- 
lion; by lending slides and the film “The National Gallery of Art.” 

The monthly Calendar of Events aiinouncmg all tJie Gallery activi¬ 
ties, including notices of exhibitions, new publications, lectures, gal- 
leiy talks, tours, and concerts, was mailed to approximately 4,700 
persons eadi month. 

LmK,iRT 

The most important contributions to the Library this year were 
the books, pamphlets, periodicals, and subscriptions purdiased out of 
Iho fund pi-esented to the National Gallery of Art by Paul Mellon. 
Tlies© included the collection of 2,77S art sales cata ogs ating rom 
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1727 through lfl48 purchased from Mnrtinus Nijhoff at The Hague, a 
collection contain lug several rare manuscnpt catalogs. Gifts in¬ 
cluded 145 books, pamphlets, and periodicals, while 700 books, etc., 
were received on exchange from other institutions. During the year 
376 persons otlier than the Gallery staff have tised the Library for 
research either in person or by phone. 

INOEX OF AMERICAN DESIOK 

During the fiscal year, 603 examples from the Index were repro¬ 
duced in various magazines while 284 were borrowed for use in forth¬ 
coming publications. Of the 630 persons visiting the Gallery for the 
purpose of studying Index material, 667 were now users. In all, 948 
photographs of Index material were sent out for use by designers, 
possible publication, for research, study, etc., and for publicity; and 
413 slides of Index renderings were used in connection with lectures. 

Mr. Christensen, as a member of the faculty of the Seminar in 
American Culture, New York State Historical Association, Coopers- 
town, N". Y., participated in lecture courses, panel discussions, and 
classes. 

GAHR AN1> atAlNXESTANCE OF TEfE DOIIaDENO 

During the past year, the Gallery building and grounds and me- 
^anical equipment were maintained at the high standard established 
in die past Considerable redecorating work was done, including the 
painting of several gaUeries and offices. Flowering plants, totaling 
3,394 in number, and valued at approximately $6,975, were grown in 
the moots and used for decoration of the Gardcu Courts. 

The condenser water, chilled-water, and dehumidiScr pumps, and 
the fountain and sump pumps were overhauled; all air-conditionmg 
equipment was inspected, serviced, and repairs made; two refrigera¬ 
tion machines were completely overhauled; new lawn sprinklera 
were installed in the space between the sidewalk and Constitution 
Avenue, east of the service entrance; 12 sections of skylight, repre- 
sentmg an area of moi'e than 5,000 square feet, were completely 
overhauled; on azalea storage frame was construct^ in the southw^ 
moat with surplus building tile; a contract was entered into in June 
1961 for the raising to the original level of the granite and marble 
platforms at the Mall entrance which had settled and created a noton- 
tial hazard to tlio public. 

CONSTRUCTION OF NEW GAIXERIES ANO OFFICES 

Work under the contract accepted June 24, 1949, for completing 12 
galleries in tlie east end of the building was completed on July 15, 
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1950 { ftnd work under the oontreet awtrded March 10,1950, for the 
completion of fire offices with a slide storage room in the west wing 
on the ground floor for the Educational Office, was completed in 
December 1050. 

A contract was entered into on July 31,1050, for the completion of 
Are galleries in the west end of the building. It was anticipated that 
the work on these galleries would bo completed early in 1951; however, 
completion baa been greatly delayed because of the difficulty en¬ 
countered in obtaining the quality of oak flooring called for in the 
specifleations. Frirate funds were made available for these purposes. 

ooKsravcnoii —stdbage facelities 

A contract waa entered into on March ), 1951, to build a storage 
room adjacent to the Gallery building in the southeast moat. Work 
ia progressing satisfactorily, and it is expected that this project will 
be completed by late sununer. 

A contract was entered into on March 2, 1951, to build a storage 
building and reconstruct a cottage on the site of Bandolph-Macon 
Woman's College, Lynchburg, Va. This work is also progressing 
satisfactorily and, unless unforeseen delays occur, will be completed 
in the late autumn of 1951. Both of these projects are being carried 
out with private funds advanced for these purposes. 

OTHEB ACnVtTXES 

Foiiy-five Sunday evening concerts were given in tlie Garden 
Courts during the fiscal year. Hie Eiglith Annual American Music 
Festival was held in April, featuring 22 works by American com- 
poscre. Most of the concerts were broadcast in their entirety by radio 
station WCFM, Washington. The National Gallery Orchestra also 
made four long-pluying records for WCFM Recording Corporation, 
recording works by Mozart, Handel, and Ives. 

The Photographic Laboratory of tlie Gallery produced 12,593 
prints, 313 black-and-wliite slides, and 1,T23 color slides during 
the fiscal year, in addition to 2,110 nGBalivea, as well as X-rays, infra¬ 
red and ultraviolet photographs. 

A total of 2,298 press releases and 21,000 invitations for eshifaitions 
at tho GaUery were issued during the fiscal year, while 222 permits to 
copy paintings and 214 pcmiits to photograph were issued. Also 
410 releases on current weekly activities of the Gallery were sent to 
the Washington newspapers, radio station WGMS, and the weekly 
guidebook, “Tliis Week in the Nation’s Capital.’^ . - , , - 

During the year, a group of German leaders in tho field of art and 
other educational and cultural endeamrs, toured the United States, 
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first Tisiting the Natifliial Gixllery of Art, where itineraries for their 
trips were arranged by the Assistant Director’s office. 

Also, during the year, two Austrian leaders—one a museum official, 
the other an artist—visited tlie Gallery and were accorded the same 
help in making plans for thoit tour of this country. 

OTHER GIFTS 

Gifts of books on works of art and related material were made 
to the Gallery by Paul Mellon and others. Gifts of money during 
the fiscal year 1351 were made by the A. W. Mellon Educational and 
Charitable Trust. 

AUDIT OF private TC/NDS OF ‘ITIE GALLEHY 

All audit of die private funds of the Gallery has been made for the 
fiscal year ended June 30, lOSl, by Price, Waterhouse & Co., public 
accountants, and the certificate of that company on its examuiation 
of the uccouiiting records maintained for such funds will be forwarded 
to the Gallety. 

Bespectfully submitted. 

HuNTLNC'mK Cairks, SecT€tart/. 

Tnn SECRBrART, 

STivithsonian fnatttutioTi. 


APPEF^DIX. 3 


Report on llie National Collection of Fine Arts 

Sm: 1 have the honor to submit the following report on tlie netiv- 
itics of the National Collection of Fine Ada for the fiscal year ended 
June 30f 1951: 

TUB siiiTHsoKiaK ART comrissiox 

The Itt'cntyHfsi gilt'll nnnunl meeting of the Smithsonian Art Com¬ 
mission was held in the Eegents^ Hoorn of the Smitlisonian Building 
on Tuesday, December 5, 1950. The members pi'cscnt wei-e: Paul 
Clanship, diainimii; Akxunder Wetmore, BEwretary {member, ex of¬ 
ficio); John Nicholas Brown, George H. Edgcll, David E- Finley, 
Gilmore D. Clarke, Ardilbald G. Wenky, LIoy<l Goodrich, John 
Taylor Arms, HDla?rt Woods Bliss, and George llcwUt Myers* John 
E. Graf, Assistant Scci'otaiy, Smithsonian Instilution, Thomas M, 
iSeggB, Director, Katloiial Collection of I'ine Arts, and Paid T. 
Gardner, curator of ceramics, Afltionsl Collection of line Arts, were 
also present. 

The resignations of William T. Aldrich and Gifford Beal as mem¬ 
bers of the Commisaion were submitted and accepted with regret. 
The Commission recommended to the Board of Regents Lawrence 
Grant Wliite to succeetl ifr. Aldrich, and Andrew ll'ycth to succeed 
Mr. Beal. The CommiEsion recommended tlio reclcction of John 
Taylor Arms and Gilmore D. Ckrke for the usunl -1-ycar perioii. 
Tho following oflScers were elected for the ensuing year: Paul 
Munship, chairnianj Hobert Woods Bliss, vice chalrnnin, and Dr. 
Alexander Wetmore, secretary. The following wero elected niem- 
bei-sof the executive committee for tho ensuing year: David E. Kinky, 
chairman, Hobert Woods Blisa, Gilmore D, Clarke, and George 
Hewitt .Myets. Paul Manship, as cbiurman of the Commission, and 
Dr. Alexander W'etmoie, as secretary' of the Commission, are ex- 

ollido members of the executive committee. 

Mr. Bcg"s reported that the reotganization of the permanent col¬ 
lection priTgresred steadily during tlie year as further work of iri- 
dinduul «rtisls n»a T»rious typ« of .rtistic »ork ,cr. 

ScwntMl. punrings by Albert I'inkliam Kyder, N. A. (IM'-WlO. 

I,«« been Ualled in . 8»»"T '»1* t-e™ e> »»>;”«» 

the Gellntly Colleetion. Meissen. IVereester, and Sevres peredein. 
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liave b«n gfoujied by Mr. Gardner for systematic display in the Pell 
Collection.^ Two additional stoinge rooms with movable screens and 
air conditioning are being provided for the better maintenance of 
tlie collections. 

Mr. Gardner explained briefly tlie progress made in a project in¬ 
volving spectnochcmical analysis of ancient glass, the purpofie being 
to associate known types with tiie time and location of their mann- 
factuie and to trace ancient trade routes and material sources. An 
inltifli group of specimens l-cnt hy two mijiSCiiiDs hjig been turned over 
to the hational Bureau of Standards for qualitative analysis, the 
r^Its of which are to be interpreted in collaboration with Bay Smith, 
of the Archeological Institute of America. 

Iho Secretary outlined briefly further legal action relative to tlie 
GcUatly Collection under which the United States Supreme Court 
had ruled that there were no grounds for reopening the case. He also 
mentioned briefly tentative suggestions relative to the art collections 
in connection with present threats of war. 

The Coi^ission accepted os a whole tlm IB paintings of the Adams- 
Clement Collection, gift of Miss Mary Louisa Adams Clement in 
memory of her mother, Louisa Catlierine Adams Clement, with dis- 
crctionaiy powers to be exercised bj- the Nutional Collection of Fine 
Arts in regard to the sliowing of tlic individual pictures: 


oil iKirtrnlt. Mary Louisa Atlaios, by Asher Ii. EUu-And. 

OU porirall, Qrarifinnna Francea Aciniue, by Asher B. Durand. 

on portrait, Jotn AdaniB, by Kdwarii Dalton M.arcbunL 

Oil [Kirtralt, Washington, by HTilward IialtoD MotfhunL 

Oil portrait, Jvhti AOnias, by Oilbort Stiiart 

OM portraSt, Joshua lohmian, attributed to John Triunbuii. 

on portrait, Stra. JoaLoa Johesoo^ attrlbotod lo Joint TruiubuLL 

Oil portrait^ Joha Quincy AdaniH, by van HalTi^I. 

Oil portrait r airs, John Qiilney Ailaxas, by tnideterioltied ariiat 

cMiarenl, by tmd^termlued artbt. 

WatDwIor iwrtraU, Jiary Uuliui AilQnis. hy undelennlned artOrt. 

Mmlatnre, Joshua Jabuson, by ITionime H. Hq]L 

Custum#, by Mary Lrinlsa A.Ums Clemeul. 
inlaiure, Portrait of a lotiaa Woutan. by Mary Loolsa Adams CtemenL 
Mlnlamrc, Louiga CalberlBe Adorns CTemeut, by Mary I^ulsa Adaau ClemcnL 

The foUovii'ing objects were also accepted: 


OU portrait, M*»s Mildred Lm, by 3. Seymour Tbomaa. Gilt of the artist 

Pa^r»^?rKr,l*‘ o Kln^, by Geowe CaUlft. Gift of Daniel 

Packard Klas aud Alletie Packard King, tbrouch Mra Harry taiaalie KUu; 


SECRETART'S EEPOHT 


43 


Foiirteca plec^ at mod^^rtL glass Incladli^ Anstrfan, Datch^ Frtiidi, aad 
GKft of Ur, aad Mr^ Hltg:t] X SmlLlit Jr. 

Fonr Items of BobeaiUn glas^ Gift of Mrs. Jolm E, Lodge. 

A collection of 50 mlialntui'ca hj AmerEcao and foreign artists. Gift of Mrs. 
HeELt7 h. Mllmore. 


THE CATHERINE WALDEN MTER FCTND 

Eight miniatures, water color on ivory unless otherwise Etated, 
were acquired from the fund established through the bequest of the 
late Catherine Weldon Myer, as follows: 

T1+ August Frlckei Lr Heuxy KEonls; from Edmuud BurVi iThiladeljslilap Pa. 

7S. A Meml^er of the WnshEngtou Fiowllj, attrihuted to James Peale; from 
the ^tate of H, W, A. Cooke iU B, Alexander, €ioCTitor)i Umiugli Mrs. Jk H. 
HeUer. 

73. Zoehnrtah F. JohnstoU, hf Riidetennloed artist: from Conrad HoH WrbIi- 
Ington^ D. €L 

74. Atrs.' Frances Barton Stockton, by Hugii Brldport- 

75. Mrs, John McClancyp bj JemeB PeaSe* 

TO Portrait of a GeutlcmatLp by Jamea Feale* 

77. Dr, Jaf^pli Glover, hj CUsarlcs PrauM. 

(Numbers T4 tbrou^ TI were flcqnlred from tlio Mf* and Mrs. Norvln Green 
Sale, Farke-Baroct GalteHc^H Inc.^ New Tfork dlj.) 

7a Rev, WLlllam White, D. D, (EH^op of PenuBylTaolft, 374T-1S36), enameL 

by IVilllnm Birch; from KnEbrttllie W'oOflward, Mlddlcborg:. Vo. 


aruov coLLEcnoN 


Tlw follon^ing were accepted by the SmUhsonian InstStutioD for the 
Study Collection of the National Collection of Fine Arts: 


Ten pieces ot SSrres (4 ctii» and Enoccra 1 sufiar bowl without WTct, ] cremrn 
piteber), and el|!ttt plecca of Woroeater type (2 email pllcbera. 1 ragar ^wl 
wltb cover. 2 bonbon dlebes, 1 cup and BBawr), tbe gift of Jlra. John E. Lodge- 
An OncDtal ceramic, CH'len Lung (1730-1703) TBse wlH> base, the gift of 


Mrs. lames W. Rickey, . 

A niece of stolned glass from one of iTie sbftttercd wiadows of tie demoUali^ 
catbedral at Verdun. Prance, period of World War I, waa (ransfe^ from iHe 
division of mUJlary and naval blstncy. Department of History, United States 

Katlonnl Utmenm. 


AUC& PIR* BASStEY LOAN OOLtBCTlOS 

On January 1,1051, a oollaction of approximately 224 paintingB by 
Alice Pike Bamoy (1860-1031), woll-lmown Waaliiiigton artist, social 
worker, and ciTic leader, 54 pictures by other artists, toge^er intb 
many sculptures and objects of art, was presented to the Smi^onian 
b, her dauehttn, KU«li» Oitod 
DM,fu.-B«rney. This collection «to be used by the buUoutl &llM- 
tioi. of Fin. Arts ss Ibo nucleus of s low. collechon for tbo cmfelbsh- 
■nent of FedersI buildings nnd for lending to museums, librsnes. 
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collies, and other ctiucatiooal institutions for the doveiopiuent of 
public appreciation of art in this country. 

An oil i>ainting, Old Woman and Chiid, by Hendrik Maarten 
Krabbe, was ijiveii by Mrs. EJitli Xewknds Johnston and Mrs. Wil¬ 
liam n, Johnston for use as a loan to museums, libraries, and colleges. 


AUCE PIKE BARKER' KEKORtAZ. niKD 

A generous fund has also been given to tlie Smithsonian Institution 
»y iSatabe Clifford Barney and Laura Dreyfus-Barney for tJie use of 
die fiational Collection of Fine Arts in maintaining the Alice Pike 
Bariicy Loan Collection and in organizing and circulating traveling 
^Inbitions for tlia development of art appreciation in the United 


TnANSF^SS ACtrKPTED 

A full-length plaster cast of tlic staluo of George Washiii'gton es- 
ecuted by William J. Hubbard from the original statue in marble 1)V 
Je^n AntoiiiB Houdon, wiuj transferred from the United States Capitol 
on July 01,1950. ^ 

Se^ientccn oil paintings, ten oil sketches, and ten crayon studies of 
Arctic and .Utarctic scene^ by Frank IV. Stokes, were transferred 
from tbe United Slates l^iitional Museum on August 1,1950. 

An oil portrait, Alexandre Dumas, by William H. Powell A. K. A. 
was tian.sfcned from the Public Library of the District of Columbia 
on August 17,1950. 

An oil, Your Forests, Your Fault, Your Loss, by James Moiitgom- 

my t iagg, was transferred from the United States Forest Service on 
October 13,1050. 


miXSFKtlS TO 01‘riER DRI-ArriMEKTS 

Twelve medals uwaidcd to Edmund C. Tarbell, Ji, A f iSR 3_]9TS1 
pven by the heii^ of Edmund C. and Emelino Tuibell, were acccptil 
fur the Smithsonian Institution and transfmrcd to the diviaioJi of 

JuS^lOM 

ACCEPTED 

John E. Lodge 

Washington, D, C., on July 17,11)50. A^tigc, 
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A bronze, Destiny of the Red Mttn, by Adolph A. Weinman, was 
lent by the R. W. Norton Art Foundation, Shreveport, La,, on Decein- 
ber 7,1950. 

Two oils, portraits of Charles II and tlie Earl of Laudeidole, by 
undetermined artists, were lent by Ljidy Ross of Balnugown Castle, 
Boss-sbire, Scotland, on Jlarch 22,1951. 


WlTUOBAWALS BY DWKEliS 

Two oils, portraits of Lady Mary Rtjss and tho late Sir Charles 
W. A, Ross, by Andrew Sontevville, lent by the Dniec Corporation 
(Ltd.), of Kildary, Scotland, and Wilmhi^on, DeL, thi'ough Sir 
Charles Ross on December 2,1925, and one miniature, portrait of the 
Bth Baronet, Sir Cliarles Ross, by E. C. Thomson, lent by Lady Ross 
iiu April 4,19-19, were withdrawn by loidy Kosa for shipment to Bal- 
nugowii Castle, Ross-shire, Scotland, on March 21,1951. 


LOANS TO m-TTFR JtfUSKUlIS AND ORGANIZATIONS 

Two oils, Moonrise at Ognn^uil, by Hobart Xicbols,and Tiie Storm, 
by Ludwick Backlvuysen, wore lent to the Bureau of the Budget on 
July 2T, 1050, for a period not to excceil 4 years. (The Storm was 
returned on Marcii: 06, 1951.) 

Twentj'-live booklets of sketclies on the pioteetiTe coloration in tlie 
Animal Kingdom, by Abbott H. Thayer, ninl a bird model used by 
him were lent to Mi^ Mary Fuertes Boynton, Trumnnsburg, N. V., 
on Deceiiihcr T, 1950, for lecture purposes. (Returned January 8, 
1051.) 

Two Japanese cloisonne vases were lent to Howard University on 
January 15, 1951, to be used os exlilbition material in connection with 
a scries of lectures on Asia and the Asians, January 15 tlirough 39, 
195L (Returned January 31,1951.) 

Oil, Fired On, by Frederic Reinington, was lent to the Denver Art 
Museum on February 9, 1051, for an exiiibition, “Life in America,” 
Jicid in its new Sclileier Gallery, March 4 to April SO, 1031. (Re¬ 
turned Afav 14,1951.) 

Bronze, Field Artillery, by Herbert Haseltine, with pedestal, was 
lent at the request of the owmer, Hon. Robert Woods Bliss, to Tito 
Baltimoro Museum of Art on April 6, 1951, to be included in the 
special exhibition of “Sculpture of Herbert Haseltmc,” April 16 
Uirough June 3,1951. (Returned June 6,1051.) 

Three water colors, Ancient Castle, by Georgette Agutte, Sketch 
of a Village, by Albert Irfbourg, and m WhndmiU, by Gtn launie 
Tronebot, and one drawing, colored crayon and pencil, Liitdscai>e, 
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by Henri Le Siduiier, were lent to tlie Bureau of tU Budget ou May 
16,1951, for n period not to exceed four years. 

Nine oil pumtings, Elf Ground, by George Iimess; At Nature’s 
Mirwr, by Kalph A. Blakelock; Spring, by Alexander H. Wyant; 
Ini^an Summer, by John Francis Hnrphy; The Return from the Fold, 
by Bihott Deingerfidd; Lower Ausftble Pond, by Homer D. Martin: 
Qins of the Upper Colorado River, Wyoming Territory, by Thomas 
Moran; In Jamaica, by William H. Holmes (owned by Glenn J. 
Martin); ^d October, by Robert C. Minor (owned by the United 

University on April 24, 

1^1, to be included In the May Festival from Mav 1 to June 15,1951. 
(Returned June SO, 1951.) * 


loans HKnjHNED 

Oil, jwrtrait of Commodore Stephen Decatur, by Gilbert Stuart, 
lent to rile Trust un-Decatur Naval Museum on April ST, 1950, to be 
in^ded in their first eshibition, was returned on September 26,105Q. 

Gen. John J. Persliing, by Douglas Volk: Ad- 
miral Wiliiani S. Sims, by Irving R, Wiles; and Gen. William T. 

Alexander 

Graham Bell, by Moses W. Dykaar, lent to tlie National Galleir of 
onAfiy 92, 1950, to be included in the Sesquicentcnnial celebm- 
ti^on, Makm of History m Washington, 1800-1950,*’ were returned 
November ST, 1950^ 


I’m llENBY WAliD EAXOEH FUKt» 


m paintings purchased by the Council of the National Academy 
of Design from the fund provide] by tJic Henry Ward Ranger bequest, 
which, under certain coiiditions, are prospective additions to tlie 
National Collection of Fine Arts, are ss follows: 


TTce# 

130. New Lebanon HnJlroad 
Station. 


LouiaBoiiubn, N* A.(1S&9^ 


Mar, IQ, 1951 


127. Tbe CLty—No. 2 
J28. Harbor,, 

129. Four IZoutfes, _ 

130. Nlgbt. _ 

13L Partit (wAter color) _ _ _ ' 
152 , Farin In 

133. Nine _ _ 

134. Rabbit laJliiidp Hawaii 

(water colorj* 

135. Blackamfth Shop (water 

coJor), 

130. ChJiuDey Beajna (water 
color) ^ 


Ralph GkitBioAnD <1010- )_ 

Xavkir GouaBJesc; (1^09- y^ ~_ 
Antoaio P, N. A 

(1902^ ). 

Albert John Pucci (J920- > 

Wltll&m A. Smith, A. N. 

Gifford Beni, K. A (1879- ) ^ 

Joseph Hirs^ch (J9t0^ 

Millard Sheeta, N. A (lOOT- " 


Mar. IB, 1051 
Nfar. 10, 1951 
Mar. 10. 195) 

Mar. 19, 1051 
hlar. 19, 1951 
May 7, 1951 
May 7 , I 95 i 
May 7, 1051 


John Alojiio WiUfaiM, N. A. May 7,1951 

(IvvB^ )p 

ALdrtw Wyeth, N. A (1617- ), May 7, i&51 
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Since it is a proTision of the Ranger be<]ucst that the paintings pUF' 
chased by the Council from this fund and Bssigned to American art 
institutions may be claiinEd by the National Collection of Fine Arte 
during the 5*year period beginning 10 years after die death of the 
artist represented, fiTc paintings were recalled for action of tlie Smith¬ 
sonian Art Cnmmsaion at its meeting on December 5,1050. 

One painting, listed earlier in this report, was accepted by the 
Commission to become a permanent secession. 

Tho following four paintings were returned to the institutions to 
which they were originally assigned by tlie National Academy of 
Design, ss indicated. 

No, 10, Enst Oast, DeinTiitca, Britlsb West Indies, by Frederkt J. Wai^, 
N, A. (leal-lOlO), asslFnied to tbe Miiscnin of History, Science, and Art, Los 
AngoloB Conaty Miweuni, los Angelos, Calif. 

No. 67, Eofile Lnkfi. tiy Jonas Lie. N. A, (lSSO-ltMO>, nstflpied to (be Iowa 
UemorlBl Union, State Unlreralty of Iowb, town City. Iowil 

No, D9, Eitatcriy Gomlof, by Cbarlcs H. Woodhgry. N, A. (18e4-10«)i ^ 
alBOed to tho Society of Ubcrai Arts, Joslyn Memortsl Art Museum, Omnlia, 

Nebr. ™ tt, 

No, 113. Fifteenth Centnry rroneh Madonna nml Child, by Barry W, watfons, 
N, A. BBsiBbed to the Coker CoIlOBe for Women, Hnrtavlllo, s, C. 

TFCE JJATIONAI, COI-LSCTION OF FINE AllTS HEFEItEyCll LIBHjVRr 

In all, SSO publications (173 volumes and 107 pamphlets) were 
accessioned during the year; 071 parts of periodicals were enter^ m 
the periodical record; and 17 volum® and 45 pamphlets (senab) 
were entered in the catalog. The total accessions in the National 
Collection of Fine Arts Library now number 13,006. 


iNFOHSlATKJir SERVICE 

The requests of 1,623 visitors received special attention, os did many 
similar requests by mail and phone. During the year 1,285 art worts 

Were submitted for identiBcation, i . ■ 

Tho members of tho staff served as judges or as m^vbera of ]uri® 
of selection and award for a number of exhibitions held in and around 

Washington. 

^UTBinOSS 

Siiteim qKcml eiliibiUons were beW Jtiring tb,,e*r .is fsIIowB: 

...., ,s„sss«.s“ 

1 Bll” «» w A »«». — 

s?.“ :rsr,iJ-S“srn‘s* c™.c a,. „ ts, k„. a.s .< 

AnffuH $ fAroupA , ' certunlc ortlrta nod 70 pieces br 

rn^nXl'artf^t’Jn tb^ Bud vtber ccuntrltw. lent by tbe artl.t, the,aaelv« ur 
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by cmM^IcM antT Ml lectors. Tlie twlmlqiie ol throw! ng aa tbe potter's wheel 
was {lemoHEt rated. A catnlo]:; ivas prSmt^l^ printed. 

€ fArojif^h £S, l£50. —Eibtti^tlad of 31 [;^f!cea of Bculpttire by tbo Wa^h- 
lEfitoB Sculptors Giioup. CnHeiT talks nnd cloJuOD^trat^ons were fflveia, 
ScpiemJter S iP^O.^Eshmion of PictorSal Art of the American 

Indtan : A LSvIde Tradition, from the collections of tine Fhllbrook Art Center and 
tie DetKirtnicnt of Anthropology of tlie United States Nntlonjil Moseum, eon. 
elflfclDff of i:>A!n[lnBs^ draiyingB* und other exntia;pH *3 of graphic art. 

October S throtf^h 20, Tile Eighth Animal Exhibit Lon of The Artlstfi' 

Gnlbi Pf Waj^hington, consisthsg of SO oils mid sculpture, A catalog was 
isrivatolr prEnted. 

AorcHifirf J thrmtr?ft 1P5 &^—The Thirteentb tan State Art CouteE^ 

hoM under the AiispEra of the District of Columbia Chaplef, AmerJena ArllsJ 
Proreaglonnl Jj?Qgnc^ nssiited hy the Entre Moub Glub, eofibistlng of 333 palutlng^i 
sculpture, prims, rerajnfc?. Had metakraft. A caUlog was prlvatelx printed. 

Dcccffl&er through 35, The FJftj-fonrth: AnhuriZ Erhlbltioa of the 

Wnfibington Water Color Cltib, conalatlng of water colore, etchings, and 
drawLibg^f, A catalog was nrlxatclr printed. 

Fi'bntm if & through £1, m/,—The Flfix-nlnth Annual ExliEhUloa of the Soctetj 
of WaifhtngioQ Artists, conflating nf AT paintings and T pleotM of fleulpture A 
i-alntog was prlTutclr printed. 

Ff bnninj 23. mi,—The opening of the Albert Plnkhum Rrder Room of the 
John Gi’ilatly ColleoUoa. 

Almxh 3 thronffH 23, m/.~MemorIol Eihibftlon of Si oil pa tot lags and 
pn«cl3 by Alice Pike Batney < iKtC^lbsi), a catalog was publlalKNl 
3ftirch 3 ihrcuoh 2&, /SJJ.-EihlblLtoii of 4S paintings end scnlptore by artlstl 
from El Salvador. Sponsored by the Ambassador of E| Salvador to the United 
Slates, Dr. Hector Dcivld Castro, under the ansplcea of the Pnn Amerlciin Union. 
A catalog waa privately printed. 

Aftrfi 18, mi -rtie opening of nn GilUbflloD of Ibe AdaiM-Ckmcnt Coll«tlon 
by tbo Iflto Mary Loui^n Adams Clement to the Xationnl CoUwtlon of 
F^ne Arts and the DoiwutmODt of Iflatory of the TTnltcd States National Miiseam, 
In the west hall of the Arts end Industries Building. 

Man S tJtrouffh W. /ML—The Elgliteemh Annuiil EililblHou of The MlnSatnw 
^Inters., ^nlplora and Gmvera SocJely of WushingtoD, D, G., conststliiEt of 
ISO examples. A catalog wna privately printed, 

CenlMiihil AnnlTCfsiry EshlhKloii of I’/iinllDgs 

L ^ 'r^VMlT imlntlngs shown 

the Natural Bletory {lullding and twenty nne In the Prwr Gallery of Art. 
A list was itiiini?ogrnph 0 d. 

^UM 0 1 thronph 27, j^/.^Tbe Swerid Annnnl EjhlbUion of the FIcrJdn ArHat 
Gronp, oiJ^etint of 2i pBlntinEs. A tatAlog wna prlrnioly printed, 

^«ae 8 thraHnh MSl.^An oxklhjtlon of H7 Swiaa postent, held nitdef the 
iwtrtroase of His Ei«.Jl,m,-y Charlw Brtig^uaan, Mtiiistor <^r SivltiorTnntJ, and 

Respectfully sabmittedl. 

Dr. A. WrrMo™, ''' 

^eeretaty^ SmifAtoniati InatUuittHt. 


APPENDIX 4 

Rcporl on the Freer Gallery of Art 

Sia: I have the honor to submit the thirty-first annual report on the 
Frcer Gallery of Art for the year ended June 30,1051. 

Tiifi coii^cnoNs 

Additions to the eoUections by purchase were aa follows. 

00,7. Chinee, Cliou dyaastr {112S~E»3 B. C„ early!. A *“*™®*'**^ 

the type fanfi titiff. Dealffc cast la Teltef and tetagUo, the ^tter lUled 
ta with block aubstance. Inside ane side a 41-cliflrncter inscription. 

0.203 X 0.24010107. . , _ 

'COJl. Clinew. Shang druasty («. 17Cft»1122 B. C.). A 

the type *o. Inlaid wltli tunjiioisc. Protmiling bottle homa. O.IMC x 0.«i. 
SO.IO. Chinese. Chon dynasty (1122-230 B. 0.. mte). Ottt bron« 

with Jade. tuRineise, aireellan. and silver, Beliol design cf frthiiloiit 

UtllnullR BiiOrtin^ cmwEiS waYW- 
30.17. Chlnwe, Chon dynasty (1122-250 B. C.. Utc>. I" 

type AtDewratlons Inetsed. glided, and Inlaid with gold; open¬ 
work coTer: powdery gray green 0.107x0.1 OS, 

C0.ia; Cblncstf, Chon dynasty (im-2M B. C., wrly). A 

the type fans t*nn. Deslsn cast In high and roll^. TwcIt^iu- 
neter Inacrlpttnn cast Inside bottom. 0 . 2 TO 1 0.2110, (lUnrtratfld,} 

61i Chinese. Ban dynasty (207 B. C.-A. D. 21J). A eyllndrJcnl 
ot the tyim 11^ InclKd designs mi sides and «7''= 

Inside Loose ring cd cotw, nnd three eery low f«t. 0J42X 0.133, 

51J! CMnw mn dynasty (207 B. C.-JL D. 220). A ^ ‘be 

t™ Ii«i with corer miaalng. riMlin ef fabulous beasts in laudscapc 
CflSt i high and lew relief and incised; two loose ring hnndle* on sides: 

r, o iSiTn c'-I.'b'S) . Garment hook. koa. inlaid 

61.0. Chinese, Hau dj'nusty (20* u. u ^ ^ 

with turiiuolse. A tiger, a water-buffalo head, and a snake head 
El 7 ChS!^' SfoJ'dynasty (im-25« »■ C.. late). Slatactte in two parts: 

METrU.WO*X 
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50,e. Persian, lOUi c^liturjr. A sUv^ tniwi <if shMlow form with no toot 
Dei^oruted Lnslde wltU two builds of LnscrlpUon siirrotindfcig an eagl^ 
in tlio centern qU incised Id Ihe metals {>.043 x 0 . 239 . 

60.21. PerBlDD, century. A ymceitjt made In eight linka; ^ld decorated 

with ftllp^Ec itDd ol^ld DUtUnlDg birds. Ifomt scrolls,, and LoncrlptCobA 
intones mlflfiluf. 0.107 x 0.030. 


fAtitTiiTa 

60.11. dbineaei Ch^lug djimsty (A- D. 1044-1912). Scroll paLatln^ by Wti Tan 
dated \n correypondebca with A, D. 1075. LandscoDC In iDk and color 
on pai>er: Joi^'rlptlon^ artl^t'e Bignaturc, nnd two seala on palpEittf; label, 
four |iiii€rlpf[onSp ond seven sonlfl on mounting. 0.170 x 2014. 

50.30. Chinese, Ch'ing dinasty {A, I>, 1644^1012), Scroll painting' by Wang Hnl 
(10J12-1!717jf. LanJaed[ie In Ink ntLil i*olor on papery eight Boaln on 
nalbtlng: throe foserlpUons and ae^cn sents on nionitling, 0.3S4 x 7.4SS. 

aOJfO. Chliiea«, Tilan djriiBBtjr (A. D, 1300-^1309). ScroU paimln^ hj Clin Te^Jnn 
dan-d In corrcniioiideiice wlUi A, IlfiatH. LaDaefcapB In inlc and color 
on jgn>er+ a] gnu tore, 45 ECitlBp nnd 2 Lnscrlptlons on the ivalnt lll^: 03 seals 
And 20 luaerlptlons on the mountini^, 0,1^ x 2.113. 

60^23. JnpaEie^^ Kamakura period fA_ D. 11^0-1334). Fnrtrult by Knjlwara 
NotjaEone {1170-1263) of Ouakatoml no Xorltonio; one oC a set of 36 
poets pointed in ink and colors on paper; Inscription, on nabting.* 
&.3T9I0.5U. (lllEistrnteiL) 

50.::4. JatHibesf, KumskDra iiertoil fA. D. 118»-lS3l>. Portrait bj Fiujlwara 
Nobuiane (ll7fl-lSd8> at the poirti!eB Snleu no Njost^; one ol a act ef 
30 ixieli palnteil In inii and colors on [taper; Inacrlplton on palntliu 
0.370x0^11. 

30^ Jji[Hini!SG, Ksinukuru pertod (A. D. 1IS0-I334). Portrait by Pajltrura 
Ncibnzanc (llTB-12118) of Jdlnanioto no Elntadn; one of a act of 30 

IXicta painted in Ink and colom dd paper; tascrlptlon on tHlntlDK 
OJITOxOSIt. V- 6 

POTTZaT 


5ft.& OiEuesc, Suo^ dynasty (A, I>. aso-iaTO). CAfia ware botUe wUb pear- 
Bbafjed Itody and tall, Bltshtly flcirlni; nwlcf gray-blue slnit wltb purple 
aplasbes. D.2S0 x O.ias. 

salt Chinese, Chen dynasty (Jlisa~atse B. O., late). Flenre of a horse; soft, 
dflrk-braim cloy with pollsbed black sorfocc; traces of red rfement 
01)80 X aoifla 

no.l3. Chinese. Chou dynnsty (1122-256 B. C., late). Figure of a dandng wonmn; 

soft, dark-bronn clay with poUshed black aurface: traced of red nlemeaL 
0JO7. ™ I .amc..., 

B0.11. Chlaeae, Cboa dynasty (1122-256 B. a. Into). FHpire of a standing 
womaa; BOft. dark brown clay with polished black surface; tiaMs of 
re<] plginont. O.hSi. 

60.15- Chinese. Chon dynasty (1122-250 a C., late), llgnr* of a warrior; soft. 
OC^**™^** black surface; traces of red pigment. 


50.16. ewnese. ^'[ag dynasty (A. D. 1044-:oi2>. Pcach-bluom rase of slender 
form with darlag Up aud deep narrow foot; ft«baracter mark of the 
K ang'bsl period (A. D. 1062-1722). aiOT i a053. 

6022. CMncte, Suue dyaafity f A. D. 060-1270). Soathera Avan ware vase of 
bottle shape with glaasy. cradtied glace of mottled bromi 0130 x 6088. 
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61.1* Olilnwe, Bnng djua^tY (A. D. 9^1270). Bowl cf ciiim tn» ^0 
dioUt Honan; iorruglnGiiB rttnnlnj; from reddlBE bromi to d«p 

glofl^ black, 0.0^ £0.143. 

61,8. Chinese, MSng dynastr (A, D. 1330S-1W4, esirlr). Bowl of Yofirlo tFP«: 

w^hEte porcaUtn decorstod wEih Aoml dadgoa Lii undcrglose bloe; iroD' 
itKl witaib DD m^loxed baee. 0157 £ 0.410. 

61,4 Chinese, Ming ilynnaly (A. D. 13GS-1044)* Bowl of wbkc porcelala wEtli 
floral dEsIgEia rosorred in white tigniiy^t a grcmnd of underglaie blue; 
fl-cbaritcter mark of the HsQan-t^ period (A. D. 14158-1436) on base* 
0.087 X ai67. 


KEPAIRS to THE COI*LBCTn03f 


A total of 114 objects were cleanetl, resurfaced^ remoiinted or re¬ 
paired as follows; 

American pnJntlitgs-^— --- ———-— lOS 

crhlne«»> pnlntinga retiaired—- —--— - 2 

Chinese pet lory repaired „- - ---— —- 2 

Jnpaneae potter^r repaired*.. --——— 1 

PeralaQ ptitlerj repaired-- -—- — 1 

This incliideg the final work of cleaning and restoration of the 
lyhistler Peacock Boom mentioned in tlio last tliree annual reports. 
The loom was reopened to the public on October 13^ 1050, Work on 
the Peacock Room and on all other American paintings was carried 
out as before by John and Richard Finlayson of Boston. 


CHAT70ES ra ETmnrnoKS 

ChangeB in exhibitions totaled DOT as follows: 

Ataedcaa art : 

Oi I palntla^B ^ — -—-— 

Pafitelfl __ - -- ' — - — - 

SIlTerpolatfl —-- 

Water colors--- -—.— - 

CbloeH art: 

Jade --------- 

Marhle^_ -——----— 

Metalwork, ------— “ “ 

Pottery - - ■- --- 

Stace acolpttire —-— -— 

Japanese art; 

Lacflner sculptare ----— 

Palntlagv -——-——- 


im 

31 

2 

11 

2 SS 

300 

4 

62 

36 

34 

2 

34 

2 


fXIUt^sEY 

During the year the following work was accompltahed in the libraiy: 
Accessions of all kinds incladlng books, pamphlets, pcnodiM^ 
studv material, and photographs, T 8 O 5 cataloging of all kinds, inclnd* 
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ing cards typed ^nci filed, 4jO&6; bindiiig^ labeling, repairing, and 
mounting, 406- Mr* Freer’s letters from Canfield, lowing, Metcalf, 
Thayer, Try on, and otlier artists represented in ilie collection were 
arranged chronologically and listed on cards which were filed; this 
project ia continuing and these letters will be indexed in the future. 
Cataloging wag completed of the oollection of rare books purchased 
by Mr. Freer in the Orient; and two bibliograpliics were prepared 
for publication^ Work continued on the major project of indexing 
both tlic English and Japanese editions of the Japane^ periodical 
Kokta. 

FUBLICATIONa 

Five publjcations of die Gallery were issued during the years 

Etttiu;lia(i£en, lUelinrd: Stiidii-4 In aiiislim I»at)gnirhjp L Tile Unlcem. Octa- 
Eltinal Pjirvens, toL Ip No. 3. S. I. PybU Sojitember 1060. 

Freer On Mery of Art f^a^lplllot, rf^rlsed edlUon. E?cptembcr lOSKI. 
fiflUery Book VIII—The Art of IncUo, October 1060- 

SteJnUorir^ CeoTffQ; A Royal Ueiii] from AiicJeat Egypt. OecjudietiaL Papers, toI, 
T. No, 5. S. L PutiL 4022. February 1051. 

The WblBtler Peaeoek Room. An lUnstratefi [Mlmpblet centnihlng a brief 
dcsertucloa and hl&Eoiy of the Peacoek Jiocm dpcontted by Jamea A. M^tNciO 
Whistler. S. I. Puhl, 4024. April 1051. 

Pa|>ors by staff members in outside publications were as follows; 

Popop John A.: Mln^ blue'aud-wbUc at rhllndelphla. OrJenUl Art Tol 3 No. 
1 aaoo), pp. £1-^7. 

-^Seleeted Chlnrae antlfiniEfrs from the ealleetlon of Qnatftv Adolf, Cro^vn 

Prince of SuTdeu, hj Nils IA review.) The Par Ea&Eorn <Jdar- 

icriy, rol. 10. No. 1 ( Nor. lOTiO), pp. 

- Letter from the Nuor Enet. Kzirvnrd Journal of AgEatle Studlea, toI. 13, 

Nos, 3 and 4 (llee. pp. 053-664. 

Wenlej^ A, G.: SelevEed Cbloeye EinUqnHlea from the eolleetloa cf Uaatar 
Adolf p Crown Prinee of Sweden, by Nlia PaltngrecL (A review.) The Jonrnnl 
of the Amerlc^in Oriental Society, toL 00, No. 3 (0ct,/1>f?t HMD), pp. SSS-iSJO. 

anraoDccTiONs 

During the year the photographic litbomtory made 3^09 prints, 
433 glass negatives, and ISD knterii slides. 

bUimiNO 

Tlic c^ibinet shop 1ms been kept busy with the usual work of making 
necessaiy equipment, doing repair work on the collections and mak¬ 
ing minor pcpaira on tiic building* A temporary painter made a 
ainall start on the long-accumulated backlog of work in the retlccom- 
tion of the exhibition galleries and painting olher parts of the 
building. 
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At the end of the year work waa begun on the oonstruciion of a 
technical research iaboratory in the west end of tlie building. 

The firm of Kealij and PattersoHj^ architects, of New York, com¬ 
pleted a surrey of the building mth a view to moderiimation of tlio 
lighting throughout, air conditioning, and effecting stnictiiml ciiangesi 
for enlarging the library and adding much-needed ofKce space. Plans 
were also drawn for a proposed addition to the building. All this 
work was preliminary in nature. 

The Gallery was open to the public from 9 to 4:30 every day eicept 
Christmas Day. The total number of visitors to come in the main 
entrance, was G3,805. The weekday total was 40,893^ and the Snndiiy 
total 13,002, The highest monthly attendance was in July, 8,407, and 
tho lowest was in December, S,SSi. 

There were 1,471 visitors to the office during the year. 

IIEKZrElJ} ARCHIVE 

Mrg. Clmrlotta Bradford, sister of tlie late Ernst Hers fold, pre¬ 
sented to the Herzfeld Archive additional squeeiies, plana, maps, draw¬ 
ings, etc., esecuted by Professor Herzfeld. 

btafp AcrmTiEs 

The work of the staff members has been devoted to tlic study of new 
accessions, of objects contemplated for purchase, and to general re- 
fienich within tlie collections of Chinese, Japanese, Persian, Arabic, 
and Indian materials. Ilepoits, oral or written, were made upon 2,377 
objects as follows: Belonging to private individuals, 1,&53; belonging 
to dealers, TOO; at other miiseiiins, 120. In all, 289 photographs of ob¬ 
jects were esamined, and 242 Oriental language inscriptions were 
translated for r'isitora. By request, lu groups met in tlie eslvlbition 
galleries for docent service by staff members; the total attendance 
was 208. Two members of the staff spent pai'ts of the year engaged in 
research projects outside the United Stales os follows: 

During the summer niontlis of 1050, Mr. Pope trax’eled to the Near 
East to study tlm uniquely important Chinese porcelain collections in 
Ichran and Istanbul. In Iran, additlotml material was eiaiiiined in 
Mashhad and Isfalian; and jiassing through Europe to and from the 
Near East provided an opportunity to see important Chinese ceramics 
in museums and private collections in Bristol, Cirencester, Oxford, 
London, Paris^ Am.'sterdmn, and Lceiiwarden, as well as scattered ex¬ 
amples in Rotterdam, Ttome, Faensa, Venice, and Zurich. 
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In October Dr. Ettinghau^n began a yearns study trip to tli© Neat 
East, After a month in Europe, he proceeded to Cairo where he 
aludied for two mondis* A brief stop was made in Baghdad en route 
to Xran where he spent four months studying and visiting the impor- 
hiut sites and monuments. At the end of the year he was continuing 
his work in Afghanistan. 

By invitation the following lectures were givan: outside tlie Gallery 
by staff members: 

JSfff 

Kov+ n< Mr, Pope adJressca tbe fall meeting of tbe Far ^Jaffteni Ceramlq 
tjroap En th# BrooSlra Moseom oa "^lotes do Chinese Ceiaiulca La 
the Kent E[isL" (IlEuaLratedJ Attendance^ 40. 

Dec. 7, Mr, Pope aflc) reined tlie Washing on Society ot the Areliaeclog^cal In^ 
sUtute of America at the Corcoran Gallorr of Art oa ''Chinese 
PorceJaln iji Enrope anil the Near East," (ILlnstrated.) At- 
tendBiieo, -iD. 

Jan, S. Dr, EttEni^ansen addrea^ the l&coity of nrt, FarnlE I UnlTemlty^ 
AEexandrInt Bfiypt. on "Aniinal Lore in MosIgid Art*' (lUostrated} 
Attendance, OD. 

Jan. a. Dr- EEtEnghauscTi nddreased the Roy ale a'Aich^olOiete of Alex¬ 

andria, Egyntp ea ^MdsIgui Art In the West from the Middle Agaa 
10 Afodern TlmeaL"' (IHusDnted.J Attendance, 7S. 

Jan. Ih Mr. Pope addressed the annual dinner of the Smithsonian Board of 
BegcniSr filrlnK a brief account of hla ftndlugq la the Near East 
Attendance, S5, 

Jsn, 17, Dr, Ettlnghattsea sJdresscfl the U, S. OiBcea of Informatlea and 
EdncatJonal Exchange, at the U. Embassj, Cairo, on * Ani¬ 

mal Ij>iw In Moslem Art’" {Illustrated;) Attftudancep 75. 

Jan, 22, Mr, Pope nddi^cs^ the Fine Arts Group of the Special Libraries Aa- 
socintlon In the WhlttaU poTlUoni of the Llhmry of Congre^, on 
' Chinese Porcelain In Europe and the Near Eaat,'* {Illii 3 tnitcd,> 
Attendance, 

Mar. ft Dr. Fttln^hauaen addressed a P'oop at the Tehran University, Tehtaiip 
Iran, on ''Science and Fiction In Islamic ArL"' (Illustrated). At¬ 
tendance, 120. 

hfar. 27. Mr. 1 ope nddreseed the Far Eastern Art and Archaeology Section of 
the annual meeting of the Far liiaBtem Association at Philadelphia 

OD *TW|, KauiaJmr* ICongttrfkteW,*' HIKtotrat^d) Attendance. 
60, 

Buriiig the >'ear 7 inembere of the staff made n total of 16 trips 
outside of Washington on ofHeial hnalnno^ 

Membere of the staff held honorary posts and undertook additional 
duties outside the Gallery as follows: 

Ur. Wculer: Ti-uatce, llermitnse Fouudatioo, KorfoUt, Va, 

Cbalnnan of tbe UaE«e Wallace Uack&cr Scholardilp Cop- 

mlitee of the Ajuotlcan Oriental Society, 

Truatee, Textile Utii«tim ef tlie District of Colambliu 
Member, yj^itlag CSommluee. Dambartaa Oaks Sesesreb U- 
btary and CaUection. 
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Ur. WetUey—Cont. Member, SmlCbaonliui Art Camuiisalon. 


Reseercli Professor of Orleiito] Art, Unlrcrslty of MlcbJeAD. 
Member, Committee of Expert Exointoera, U. S. Serrlw 
Commission, for the ^ithsoEitac insUlstlOEu 


Prt«13eiit, Fir Eastern Cerunlc Gtonp. 


Mr, Pope; 


Art Editor, Far Eastern Quarlorly, 

Member, Tvfo Advisory Selection Commlttera for Fulbiight 
Atvords In Fine Arts and Architecture, under the Con¬ 
ference Hoard of Associated Hesearch CouncUa, ^One 
meeting la New Tort, one in tVasliiiifiton, botli otf ftoe.) 


Dr. EltlnghaoBen; Editor. BlbllttgrapUy of the Near East prtimrcd by the Com¬ 


mittee on Near Enstom Studies, American Connell nf 
Learned Societies. 

Editor, Ara Islatnlca, 


Bfispectfully Bubmitted. 
Dr, A, WmiOBE, 


A. G. TVeslet, Director> 


St^^twn/f jSWf Asonidrt 


—B 


APPEmiX 5 


Report on the Burean of American Rtlinology 

Sjb: I Lave tJio lioDor to sahmit the following report on tho field 
researches, ofilce work, and other operations of the Duresu of Amcri- 
caa Ethnology during the fiscal year ended June 30,1951, conducted 
lu accordance with the Act of Congress of April 10,1928, as amended 
August 22,19-19, which provides for continuing ^ntlcpeudently or in 
cooperation anihropologicul researches among the American Indians 
and the natives of lands under the jurjgdiction or protection of the 
United Stales and the excavation and preservation of arcbeologic 
remains.’' 

STSTEMATIO KliSEABCrtaj 


Dr. M. W. Stirling, Director of the Bureau, left Washington early 
in January to continue the program of arclieological work in Panamfi 
inaugurated in 194S in cooperation with the National Gcograpliic 
Society, En route, he made stops of eercral days each in Mexico, 
Guatemala, El Salvador, and Costa Eica to study and pliotograph 
archeological collections in those countries. In Paitania the priiiiarv 
objective w-ua an archeological reconnaissance on the relativelv un¬ 
explored Atlantic coast of Panami lying between the Canal Zone and 
the Chinqui lagoon. It was here in lf>02 that Columbus attempted 
to establish the first European colony on the American mainland. 
Three river systems in this region were explored— the Rio Salud, 
Rio Jndio, and Rm Cocl4 del Norte. Tlie ialtcr is the largest river 
on the Panama nortli coast. Columbus fonnd this region inhabited 
by Indians who wore gold onrnments and who did not live in villages 
but m single houses separated from one nnother hv considerable dis¬ 
tances. Dr. Stirlings arebcolo^cal work confirm^ this observation, 
Iho arcbeologu-al remains consisted primarily of pottery and stone 
objects removed from the refuse deposits wlicre the houses had stood. 
Near the coast the pottery was simple in style, unpaiiited, and witJi a 
hmitcd vanety of forms. Near the headwaters of tho rivers the 
pottery became more cluborate as n result of lufiueiices from tiia liinh 
Cl, ture ^ntere that exiirted in pre-CoTiimbian times on the Pacific 
side of he divid^^ On concluding this suney, in the latter part of 
March Oio expedition established hcndipiurtcrs at I^i Pintadu in tlie 
Pacific drainage opj«Hite the iieadwatem of tlo, Cocl6 del Norte, where 
additional excavations were undertaken wiUi the intention of estab- 
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lishiDg die relation between tlie prehUtoric cultures of tlie two re- 
pons. Dr. Robert Rantls accompaiued Dr. Stirling in tUa field as 
arcdieologioal assistant.. 

Dr. Frank H, H. Roberts, Jr., Associate Director of tlie Bureau 
and Director of the River Basin Surveys, devoted most of his time 
during tlie year to the manapjitieiit and direction of the River Basin 
Surveys. In October he went to Lincoln, JJebr., to inspect the Miasouti 
Busin headquarters. Accompanied by Paul L. Cooper, field director, 
ho then proceeded to the Fort EiU)dall Reservoir area near Chambei^ 
lain. S. Dak., and visited a nnmber of archeological sites that were 
being tested by one of tJie field parties. From Chamberlain he went 
to Pierre, S. Dak., and inspected the investigations being carried on 
in tho area of tbe Oahe Dam. Dr. Roberts also went to several othw 
sites that will bo flooded by the Oaiie Reservoir and diseased with 
Mr. Cooper plans for excavation projects at tlvose locations when Belrt 
work got under way in the spring months. After returning to t o 
headquarters at Lincoln, Dr. Roberts went to Colorado where early 
in Kovemher ho spent two days at tlie Lindonmelcr site seeking char¬ 
coal that could bo used for cfU’bon-14 dating. Ho also spent two days 
testing a rock shelter near Livermore, which had been reported to 
contain materials belonging to tho Folsom implex. Dr. Ro^^ 
found considerable evidenco of occuiKincy of the sdiellor by in^nt In¬ 
dians but saw nothing to indicate the older horizon. In April ho 
went to Clarksville, Va-, where excavations were under way in sdes 
that will bo flooded by tlie Buggs Island Bese^oir. In May he w^t 
to Evanston, HI., to attend Uie annual meeting of the Swiety for 
American Arcbacoiogjs of which he was President, and then pro¬ 
ceeded to Lincoln, Nebr., where he asiis^ in the preparation of plans 
for the Burmiier field season in the Missouri Basin. From Lincoln 
ho went to Oklahoma and spent several dara visiting mtra in the 
Tenkiller Ferrv Reservoir and observing the excavations that were 
being made by a River Basin Survej®’ party 

Afthebcginiiingof tho fiscal year Dr. Henry B. Colins, anthmi^]^ 
gist, left fo? a second season of field work on Cornwallis Iskmd in the 

Canadian Arctic. As in tho two aTd 

ducted under the joint anspicra of the bmithsom^ Institution and 

the Kational Museum of Canada. Dr. Co! -ns and his -^^tant alter 
E. Taylor, anthropology student at tho ^□‘vereity of loro^^ w^ 
flown bv the Roval Canadian Air Force from Montreal to the ^-so¬ 
lute Bay weatheV station on Cornwallis Island rtoppmg cn route at 
Churchill on Hudson Bay. Tlie excavauo^ 

of the Tliuio culture material, most of it from in , i „ 

nnusually largo stone and whalebone hon» at “ 

M 1. a mile from the weather station. 

smaU and inconspicumis house rum, indicated onlj by a shal 


’was a 
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JoTTiJepression in the ^nnd, which turned out to be the olde^ Thule 
structure thus far found in the central or eastern Arctic:. The artifacts 
from this house were identical with those from the earliest Thule sites 
in Alaska. The heusa had eTidentlj been occupied Ter^ briefljj for 
perhaps only one or two yeaiu, by some of the first Thule migrants 
from Alaskiij who in all likelihood had then continaed on their way 
to northwest GrcenlancL A similar shaUow depression nearby yielded 
Dorset objects, the first indication that this early hut Httk-known 
Eskimo culture had reached Cornwallis Islands Three culture stages 
are thus represented at Resolute—Dorset, early Thule, and developed 
Thule. The first two were probably represented only a few families 
who lived there for very short periods. The last stago wiis of much 
longer duration^ probably a century or more, during which time the 
population was probably to be numbered in the hundreds. In June 
1051 Mr. Taylor returned to Resolute to complete some of the eJtcava- 
tions that had to be left unfinished the preceding AugusL 
Dr. Collins was reelected to the board of governors of the Arctic 
Institute for a S-year term, and also for a l-ycar term as treasurer of 
the organisation. He continued to serve as chairman of the directing 
committoa that planned and supervised the bibiiography and roster 
projects on which the Arctic Institute has been engaged for the post 
four years under contract with the Office of Naval Research. The 
Roster of Arctic PpeejaUstSt cont^iining biograpUcal data on Amer¬ 
ican and Canadian citizens having espert knowle^lge of tlie Arctic 
regions, was completed and turned over to the agencies that had spon¬ 
sored and financed tlio work—D. S. Departments of the Annji Navy, 
Air Force, and Defense Research Board of Canada. The first five vol¬ 
umes of the Arctic Bibliography were also completed and delivered to 
the Goveriiment Printing Office through the Department of the Army^ 
which had contributed additional funds for its publication. Prepared 
Under the diroction of Miss Marie Tramaine with a staff including 
eipert bibliographers, translators, and ^ientist^ working at the Bi- 
braiy of Con^^ and other libraries in the United States and Canada, 
the Arctic Bibliography is one of the moat comprehensive re^oual 
bibliographies ever assembled and should be a useful research tool 
for scientists and others interested in the North, 

At the beginning of the fiscal year, Dr, John P, Harrington was 
on the Crow Indian Reser*i^ation in soulhern Montana conducting lin¬ 
guistic studies. Dr. Harrington found in connection with Ida studies 
that the word Missouri^ formerly thought to mean “large canoe^ or 
wooden means aimply “canoe^ and, as applied dnee aboriginal 

rimes to the Missouri River, means by implication the navigated river. 

r, arrmgton also obtained detailed information conooming the 
Maud an coracle or bull boat from Crowslseart, an Indian 04 years 
of age. An article was completed on this subject. On December 19, 
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Dr. Harrington returned to Washington, D, C., and ^ ® 

until March 9 writing reports on hia field, work. On tiua date he loft 
for ifcxico in order to rcstinio his studies on the angi^gOi 

the end of the fiscal year lie was in Mexico City continuing t us moi 
Commencing July 1, Dr. William N. Fenton, having completed an 
Bssignment for the Indian Service at Taos rueblo, conducted a survey 
of nianviscripts relating to the etimohistory of 
Henry E. Huntiugton Library at Sah ilanno, Calif. The latte ^ 
search, carried out with the aid of grauits from t lo 
of the American Philosophical Society, was publishedjn tlie Proceed- 
ineg of the American Philosophical Society, vol. p, 3- 
Factions are a peculiar feature of American Indian political organi- 
eation that has yet to bo worked out for Um country as a whol^ Some 
ideas about political structure and methods of field work, which Dr. 
Fenton developed over a long period of field and ® ^ T^ian 

the Six Nations, were this past year irensferrcd to the study of 
self-government, which is riddled with factional 
divergent tribal cultures—Taos, Klamaih, and Blackfeet. _ 

situation was unique and required adjusting Avenev 

principles hold. Field work was completed at Klamath ^ 
in Au^st, and the situation at Blaekfect Agcn^ in 

exploitd during September. On returnmg to “ 

September, at the request of the Indian Bureau Dr. 
a comprehensive plan for tlie study of I te ^c ee P __ ~Yetal 
team of social-science specialists who would be drawn from several 

disciplines including anthropology. 

jirvT,ri Oil SIS smVEva 

{Kcnorc i.Kpare«l t'lf ^ > 

T ... . j ■ iu full 1 D 45 as a unit of the Buivau of American 

—“‘:S=.™=‘“-iS7“ 

Institulion. Tli, mmoroid.™ 

SS S.W of oKhwlogW «o.l p.l»nlo1og.o«l 

tains to tuo sai nuiuorous projects for flwd 

would othomuo to tot .0 « oud UOVig.tfoil 

Molrol •"'1 ims«™, iy Bold 

improvements in the river u^ continued since that dat^ 

work was storied - ^ have been 

During the entire period “P „ ccoiwration on the 

conducted as tlic National Park Service, and 

part of die interior Department, and the Corps 

the Bureau of Kcclamadon of ^ addition, numeroiis 

of Engineers of throughoL tlie various Slates have 

non-Federal institutions scattered througnoui, v 
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tvtdsd iti tb 0 prograin in tJje Instiisc&l yeur was tinanced 

by a transfer of $174,375 to Uio Smidisonian Institution by tbo i a- 
tmiial Park {Jcrvico, Those funds were derived in part from tlie 
Nationd Park Sendee and in part from the Bureau of Reclatnation. 
rto money from tlie Bureau of Beclamatton was for use in tiie Jlis- 
souri Basin, while that from the Kationnl Park Sctrice was for use in 
alJ other areas throughout the United States. Because the appro¬ 
priations for the previous year became available so late in the held 
season, a substantial carry-over ($135,574) increased the l&Sl funds 
so that a much larger series of investigations was possible than would 
otbenvise have been tlie case. 

Activities during Uie year consisted of reconnaissance or surveys for 
the purpose of locating archeological sites or paleontological deposits 
that will be flooded or otherwise destroyed by construction work and 
in the ejicavatjon of sites located by previous surveys. In all, 45 
resers'cir basins located in )3 tjtates and scattered over 8 river 
ivero visited by survey parties. In addition one lock project and four 
canal areas were examined. Esca%mtions were completed or were 
Mder way at tlie end of the fiscal year in 20 reservoir areas In 10 
Stat^ Duniig tlie course of the year there were 26 excavating 
parties m the held. Eight of the excavation projects were in areas 
whore digging was done in previous years, but the remainder were 
new undertakings. When iho fiscal year closed, the total of the res¬ 
ervoir ar^ where surveys had been made or excavations carried on 
«‘^tual field work in July 1946 was 225 located 
1 ^ During tliG course of the work 2,894 areheological sites 

bare been located and recorded, and of that number 6-J5 have been 
^rnmended for excavation or additional testing. Preliminarv 
appraisal reports were completed for nil the roservoira surveyed, and 
14 retKuts were mimeographed for limited distribution to Uii co- 

fi^ln fa series of resei voira is 
ncluded in a smgle report covering a subbasin, and for that reason 

the total number of reports is less than that of tho reservoire. The 

jrar brought the total for areas 

iournalsTn^n reports in various scientific 

SJ pitJ? Bureau of American EtJmoli^ con- 

1 “ebt such pajjwrs is now in press. Tliat Bulletin inaiSratcs 

^ an outlet for the reimrts resulting from the interagency archeologi- 

k”™ b.«d. to 

been done 'Urn'ram ' ‘ ^ where arehcologicai work lias also 

reoiainiug 45 in due course will be investigated by 
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drehcological parties. The over-all total of reservoirs visited, includ- 
Lug ilioso where ovcheological work still needs to be done^ Is 270. 

The refiervoira investigated for archeological remains as of Juno SO, 
1951, have the following distrihutioti by States: California, 20; Colo¬ 
rado, 24; Georgia, 4; Idaho, II; Illinois, 2; Iowa, 3; Kansas, 7; Ken¬ 
tucky, 1; Louisiima, 1; Minnesota, 1; Montana, 14; Nebraska, 27; New 
Mexico, 1; North Dakota, 13; Oliio, 2; Oklahoma,7;Oregon, 2il; Penn¬ 
sylvania, 2; Sonth Dakota, 0; Tennessee, 1; Texas, 15; Virginia, 2; 
Washington, 11; West Virginia, 2; Wyoming, 19* Excavations since 
tlio iitart of the progi'nnt have been made in; California, 5; Colorado, 
1; Geoi^a, 1; Kansas, 1; Montana, 1; Nebraska, 1; New Meiico, 1; 
North Dakota, 4; Oklahoma, 2; Oi'egon, 3; South Dakota, 6; Texas, 7; 
Virginia, 1; Washington, 8; Wyoming, 3. 

The River Basin Surveys received extensive cooperation daring tlie 
year from the National Park Sorviccv the Bureou of Reclamation, the 
Corps of Engineers, and numerous State and local institutiona. 
Guides and traiis];>i>rtntion were furnished staff men in the field at a 
number of projects, while at otliers oIBca and laboratory space w'oa 
provided. In several cases labor and mechanical equipment were con¬ 
tributed by the construction agency. Had it not been for the assist¬ 
ance promded in that way, it w'ould not have been possible for the 
River Basin Surveys' men to aocomplish as much as they did. As in 
past years, the National Park Service sem^’cd as tlie liaison betw^n 
tire Various agencies and provided the timithsoniati Iiistitutjon wiUt 
tile necessary in formation ooiicerning the locations of the proposed 
ilntus and reservoirs OJid also their priorities. In addition, the Na¬ 
tional Park Semdeo carried the responsibility for budgeting the costs 
of the program and for procuring the funds. 

Gejioriil supervision and direction of the work in California, Geor- 
Riu, Kentnekv, OkUihoraa, Pennsylvania, and Virginia ware from the 
main office in Washington. The program m the Columbia Basm was 
directed fit)m a field headquarters and laboratory at tagene, Oreg.; 
that in the Missouri Basin was under tlm su^rv'ision of a field office 
and liiboratorv at Lincoln, Nebr,; and that in was under tba 

field office at Austin. All the materials coUected by the su^ey and 
excavation parties in tl.ose three areas were pr^cssed at the held ial^ 
orutoricii. In addition, the follections made in Georgia weiu processed 

ata Ittborntoiy at Athens. j-i, »♦ n c 

o#«.-Tlm main headqu^tem of «ie River 

veys continued under the direction of DivFrank IL H. ^bert^ 
Joseph a, Caldwell, Carl F, Miller, and Kalph S. tjolecki, archeo ^ 
siaI were based on that office, although Caldwell ^ent the entire 
yoaHn Gcorgia,and Solecki took leave of al«n™ to join an 
going to the N or East. Dr. Theodore E. White, paleontologist, di- 
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vided his time between the Wasliington oflice, the Missouri Boain, and 
the Texas area, 

Caldvretl spent the early months of the fiscal year working on 
his report on the results of the excavations oompleted during the pre¬ 
vious year at the Alletonna Reservoir. In November he proceeded to 
the Buford Reservoir area on the Chattahoochee Btver northeast of 
Atlanta where he carried on a survey until April 6, In the tatter part 
of April Mr Caldwell made an in^*(!9ttgRtion at the site of Fort Chat^ 
lotto in McCormick County^ S. C., to determine what work might be 
tiecessaiy to obtain full information about it before H is Hooded by tb© 
waters of the Clark Hill Reservoir. From Fort Cimrlotte Mr. Cald¬ 
well returned to his field base at Athens where he prepared a manu¬ 
script ‘The Booger Bottom Mound: A Forsyth Period Site in Hall 
County, Georgia.’* 

At the beginning of the year, Carl F. Miller was canying on ex¬ 
cavations at a site on the east bank of the Roanoke River near Clarks¬ 
ville, Va. He continued operations there until August 4, when he 
returned to Washington. During the months spent in the office, Mr. 
Miller worked on his section of the report on the excavations at the 
Allatoona Reservoir in Georgia. On February 28 he returned to 
Clarksville and resumed investigations in the Buggs Island Reservoir 
area. Those operations continued until June SO, when he proceeded 
to Bassett, Va., and made a survey at the Philpott Reservoir on the 
Smitli River. He returned to Washington on June 30. During stich 
times as the Director was absent from the Washington office, Mr, 
Miller served as Acting Director of the River Basin SurveySi 

Ralph S. Sotccki devoted the early montlis of the year to the com¬ 
pletion of reports on work done previously. In October he made a 
brief investigation of the area at Morgantown, W. Va., where a new 
navigation Jock was under construction. From there he proceeded to 
the Conemaugh Reservoir on the Conemnugh River in western Penn¬ 
sylvania, where he made a reconnaissance of the area that will be 
flooded. From the (^nomaugh project ho procec^led to the East 
Branch Reservoir basin on the Clarion River, also in Peniisylvauia. 
After completing the survey of tliat area, he returned to Washington 
and completed his report on the field inveatigntions. 

. "Theodore E, White spent the winter and early spring months 
in IVasIiington studying tJio raaterials he had collected during the 
^iiner field season and in the preparation of a manuscript ”PreUm- 
mary Analysis of the Fossil Vertebrates of the Canyon Ferty Reser¬ 
voir Area;* In April he went to Texas where lie collected fossils from 
the Lavon ^ervoir on tlie Eaift Fork of tlie Trinity River in Tarrant 
t^nty and from the Gam-Little Elm Reservoir on the Elm Fork of 
the same river in Denton County. In Juno Dr. White proceeded from 
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Texas to Lincoln, Nebr., and resumed \m activities in the JlisEouri 
Basin. 

C^iUmia.—Xl the beginning of the fiscal jear a party under the 
direction of Franklin Fenenga was escavating a site in the Tcrtninijs 
Reservoir area on tlie Kuweah River^ in Tulare County + lhat work 
was continnod until August 1, and niwn its completion detailed in¬ 
formation had bean ofataiiied about a aniall villaga consisting of 14 
houses and ^ distinct milling places. The site was important be¬ 
cause it provided an opportunity to study tlie remains left by a group 
of people who occupied tlie region in historic iini^ and concerning 
whom tiierc is an extraordinarily complete ethnograpluc i-ccorJ. Tlie 
lower end of the I'taweah Canyon was formerly occupied by a amaU 
b[md of die Yokut Indians known as the Wiikchumiie or Wickchainnn 
Correlations of the data from bodi the ethnological and archeological 
sources of information will make it j;^s3ible to prepare an archeolog¬ 
ical rciiort containing ais almost unique amount of information on 
the function and sigiiihcance of the artifacts and the variouiJ featum 
of the site. Many i terns o f the material cu Iture previ oudy know n only 
thixiugh tniditiou are now represenlcd by actual objects recovered 

during the archeologic^^l rcsearchea^ 

Uijon the completion of the iligging at the Terminus Rc^tvoir, 
Mr. Fenenga moved Uis party to tUa Folsom Reservoir located on the 
American Rivet, in Eldorado County, where cscavations were ^riied 
on from August 3 to September 16. About 76 iiercent ol the site was 
iiivesiigftted. The returns wore small In that only n single bunal 
and S14 artifacts were found. Hie burial was that of a cbild about 
12 years old and had no aDcompaiiying offering The arilfac^ con¬ 
sist for tlio most part of stone and, as most of Uiem are unsiwmlis^ 
forma making functional ideiitificotiona or comparisons object 
from other sites dilhcult, they are not particularly significant. A 
small series of arrow points, about half of which were made from 
a native opal, will be useful in the matter of eorro ation with oti^r 
sites, but at p^t tilers is so little material available for study from 
that particular region that conclusions are not warranted. Ui^l 
more data are obtained, it will not be po^ible to pve a rfiisonsbly 
complete picture of the mnteHal culture of the people who p«mpied 

*^Two field parties excavated at the Caebuma R^ervoir on the SanU 
Yne* River, in Santo Barbara County. One of them, under Albert D. 
AloJir, worked from August 1 to September 13, while 
Martin Bauniholl, worked from April 3 until May 18. Tlie 
excavated in a site that contained evidence of 

described by David Banks Rogers. They are the Oak Gro' e, Hunt i g, 
and "Cbumosh.” The evidence obtained tliore subelanUatcd the ro- 
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ported sequence for the Sanln Barbara area. It also indicated that 
two phases each of the last two periods tnight be delliied as tJie result 
of further work The same party also did some testing in another 
site wliicli apparently represents a sLagle late period tliat exteuded 
into early historic timea. 

The party under Mr* BanmhoS concentrated its efforts at the second 
si to where ilr- ^lohr worked and obtained considers bio additional 
information from it, Prelimijiary study of tho artifacts indicates 
tliat the occupation is attributable to the Canalino. There is evidence 
of trading activities in tlie form of tubular beads from tlie San Joaquin 
Talley and potsherds similar to the pottery made by the Yokuta of 
that region and the western Paiutes* Ko house remains were found, 
but there were scattered pil^ of stones that appear to have been inten¬ 
tional rather than accidental} and in one case there was a pear-shaped 
pit 1^2 feet B inches long, 6 feet 3 mches widC} and 1 foot 3 inclu^ in 
depth} which had been lined witli slabs of shale and was filled with 
rocks of all sizes. The function of the pit has not been detcmiinecL 
It was at first thought that the feature niay have been a sweat house, 
but the nature of the elialo lining was auch that it probably would 
not have withstood tlie heating necessary for sweat-house purposes. 
Additional work is needed at the Cachuma Keservoir in order to gain 
a hatter understanding of the aboriginal history of the area. 

Cclumhia — Work in the Columbia Basin was cont iimed under 

the supervision of tiic field headquarters at Eugene^ Oreg*, where 
laborsktoiy andofijcespace were providetl by tike Umverdtj of Oregon* 
Joel Ll Shiner served as acting field director throughout the year* 
Activities in that area oonaisted of a survey of six reservoir projects 
and excavations in four areas where piieliminary reconnaissance work 
had already been completed. The John Day Eeservqir basin on the 
John Day lliver, in Oregon^ was examined by Kobert Farrell and 
Stuart l*cck during the first two weeks in July, The party found SB 
eites and recommended testing or more extended excavations for 6 of 
them. From tlie John Day Reservmlr} Peck and Farrell proceeded 
to the HolLs Canyon Et^^rvoir on the Snake River, in Oregon-Idahon 
where they fokind SS of which 4 were recommended for investiga¬ 
tion, TJ ke latter s iirvey was com pkted the mi ddle o f August. Durin g 
July George L. Coak and Octavio Romano surveyed tho area to be 
flooded by the Albeiti Falls Reservoir ou the Pend Oreille River, in 
nortlieiTii Idaho* Tliey found 13 sites and recoimnended the testing of 
5, Comdriiction work on the dam has pi'ogfessed to auch aik os tent 
that tlie indicated work may not bo possiblo at that location. Fkxmi 
the Albcnk Falls area, CoaIo and Romano proceeded to the Kaikn 
and Libby Reservoir projects on the Kootenai River, in Idaho and 
Mont^a, Tvhere they niade a preliminary reconnaissance. The Katka 
Dam is located in IdahO} but the reservoir will extend upstream into 
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Kloiitanii. Tho e-urroy of tlia E^tka area located and recorded 14 
sites, of which one was reconunendcd for cEcaration. Threo others, 
however, were found to be worthy of testing. The Libby area containa 
11 archeological sites, and because so little is known of the archeology 
of the Eootenai Indians, 6 of the 11 wet© recommended for further 
study. Extensive excavation would not be required at any of them, 
however. John M. CainpbeU spent July and August ma^ng a sinwey 
of the Priest fiapida Reservoir basin. The Priest Rapids Dam is to 
be built in the Columbia River just below the rapids and will create 
a pool area 56 miles long. The district to be flooded is an important 
one from the standpoint of the aboriginal occupation of the area, 
and 74 sites were found there. Of that number, SD ain considered 
to bo of high archeological signiSeance. The sites consist of those 
with weU-praserved house pits, tlie remains of open camps, cave shel¬ 
ters, burial grounds, end various groups of pictographs. Tile region 
is one that was occupied, by several different Indian groups, and Imowl- 
edge from it should have an important bearing on a large section of 


the Plateau Culture area. * i 

At the start of the fiscal year a party under the direction of Douglas 
Osborne, consulting archeologist, was continuing excavations at a site 
on the Washington side of the Columbia River near Uottmger in the 
McNary Reservoir basin. The sit© was that of a postcontact vilk^ 
and probably was the location of that visited by Robert Stuart m 1812. 
During the course of tbe digging tlire© house pits and one mat lodge 
were uncovered, and three additional house pits were test^ The 
bouse pita were circular, and if the identification of the village is 
correct it would indicate that the circular earth lodge was in use in 
that area at a later date than most anthropologists have l»bcvcd. i he 
artifacts obtained were not numerous, which is a condmon found at 
most of the places worked in the MoNary basin. In addition to a - 
riginal stone and bone implements and shell omameiita, a vanety of 
European goods was obtained. Several of the house pits gave evi- 
denco of several separate occupations, which may indicate t^t 
village was not lived in oontiniiously but w^reviaited from time to 
time, perhaps by tliD same group of people. The remains of he lo^ 
narrow mat house, which was a popular form of mdti amily dwell.^ 
during the historical period in that area, apre closely with the de¬ 
scriptions of such houses given by ^ Umatil a Iiidisns *0 e h^l^ 
inv^igaters in previous years. One complete J 

at that location. Late in July Mr. Osboree 
s site near Cold Springs on the Oregon side of the 
four house pits in tlie remains of a small village. Dumig 
high water^be site appears to t« located on an ™ 

of the river flows through an old neaS 

ground to die south. The village was situated on the side nearest 
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the tnain channel and consisted of two distinct gronps of houses. The 
largest group was centered about fiOO feet downstream from the 
smaller one. An almost identical condition had previously been noted 
at another site where work wag done during the summer of liMO, but 
thus far no explanation for such a divimon has been found. The pita 
at this particular location were also circular in form and indicated 
a single occupation. The lack of wcU-dcvelopcd midden or refuse 
areas implies that the village must have been short-lived or that par¬ 
ticular care was token to throw refuse into or near the river. Trade 
goods were scarce at this site, which would seem to indicate that it 
should he dated aa slightly earlier than the time of the first contact 
with the Whites or just prior to 1800. The Lewis and Clark map showg 
the “island’* but does not indicate die presence of a village or at least 
the existence of liouses. It would api>eac that the village had been 
abandoned and had fallen into ruin before 1805. The most important 
contribution from the excavations at these sites is the verideation of 
data secured at other locations in the llcSfary, particularly with re¬ 
spect to the size and shape of the former houses and their artifact asso¬ 
ciations; also, it wag indicated that, while fishing wa.s the primary 
source of subsistence,hunting actually played a larger part in the econ¬ 
omy than previously supposed. Mr. Osborne also completed the exca¬ 
vation of a bouse pit at a site 1 mile downstream where work was done 
die previous summer, and in addition located and removed 17 burials 
fram Sheep Island in the middle of the river about equidistant from 
the other tliree sites. Some work had been done previously at that lo¬ 
cation by Thomas B- Garth, who was tlien with the National Park 
Service, Osborne, wlio was under a temporary appointment as con¬ 
sulting archeologist, completed his investigations the end of August 
and returned to hia regular duties at the Washington State Museum, 
Richard D. Daugherty and his party continued the excavations 
started near tlie end of the previous dseal year at the O’Sullivan Reser¬ 
voir near Ephrata, Wash., and completed the investigations on Sep¬ 
tember 3. They spent the summer season at a small village site close to 
a larger one where Daugherty did some work in the summer of 1D48. 
During the current year two largo circular house pita were dug, and 
the remains of a rectangular mat dwelling were uncovered. A series 
of cairns that had formerly contained burials was also studied. The 
graves had been ^tematicaHy rifled by local collectors, however, and 
little could be learned other than that the piles of stone had covered 
the remains of cremations. Information pertaining to the house 
typre agreed ^th that from tlie preWous digging, and from that data 
it will ho possible to draw a number of conclusions about the dwellings 
of the Not a single item was found suggesting White contact, 

but the aimilarity of the artifacts to those from other sites in the 
region where there was tissociation with contact material suggests that 
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tlic occupancy wiis not iong prior to tlie ttmo ttfl first wliito nicii reached 
the area. In general the artifacts consist of projeclilo points, various 
types of scnipers, knives, drills, hnnuncrstoncs, sinkers, pendants, 
grinding stones and pestles, stona pipes, bone awls and points, bone 
daking tools, gaming pieces, and heads. While carrying on his excava¬ 
tions, Daugherty also tested a site in the Lind Coulee where materials 
attributable to the Paleo-lndian occur. The site is outside the reser¬ 
voir basin hut is along the course of lateral and distribution-sjsterti 
canals, and as Lind Coulee is to bo used as a waste way for them the 
archeological Ksmains will ultimately be destroyed. 

A party under the direction of Samuel J. Tobin was excavating in 
u large rock shelter in the Equalizing Beservoir basin southwest of the 
town of Grand Coulee, Wash., at die start of the fiscal year. The 
work was carried on ihrougli July. Evidence obtained there was tliat 
the shelter was not a regular dwelling pluoc but rather a spot where 
small parties probably camped from time to time. Thi-eo 
levels of occupation were found, but apparently no great length of 
time intervened between each level, and tUo materials surest that 
the same cultural group was involved throughout. The chief signim 
eance of the aheller is that a considerable amount of dry malenal such 
as is rarely found in open sites was obtained. Included in it are 
cordage, fragments of bow staves, arrow or spear shafts, textile frag¬ 
ments, matting, and pieces of basketry, ffonperishable artifacts ara 
projectile points, bone implements and beads, and shell beads. The 
rear wall of the shelter was decorated with pictographs, some made 
with white paint and others in red. Analysis of tlie dry materials 
should throw con^derable light on that phase of the materjal culture 
of the people in tho area. Present indications are that the EJiclter 
may well have been occupied by either the Nespelem or their eastern 
neighbors tho Sanpoil. Although contact objects were lackmg below 
the surface, it 19 dilScult to assign ei ther a historic or a pre-Columbian 


age to the site. 

The beginning of the fiscal year found a party under George A. 
Cheney digging in village remains along tho Columbia River in tlie 
basin to be flooded by the Chief Joseiih Reservoir, llie work con¬ 
tinued through July ui'd August and into early Septciiiber In 
August Tobiifs party was sliifted to tliat projeet to assist in the in¬ 
vestigations. The work in September was a cooperative effort, the 
Washington State Jtuscum providing the iie^i^y labor. At the 
end of the season 4i> house pits located in 7 sites had been dug and 
accompanving tmsli mounds examined. Good mfonnafion was ob¬ 
tained concerning tho house tylic, and indicatior^ am tlmt there was 
no particular village patU-rn. The structures do not to have 

boon grouped, but nt all the sites wet^ strung along a 
the river m aheUered areas well back from the water. Tlio artifacts 
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recovered consisted in the main of stone projectile points, blades, 
scrapers, hntniners, pestles, pipes, choppers, and bowl fragments. The 
evidence in general appears to show that a single cultural level was 
represented at all the sites investigated. The area is one, however, 
wiiere the river has done considerable scouring and shifting, and it 
is possible that older materials may have been destroyed. Though 
many of the data from the Cliief Joseph Eeservoir supplement thoss 
reported by earlier workers for the Upper Columbia-Grand Coulee 
H^ervoir, there are some marked differences in certain artifact cate¬ 
gories. Considerable light will be thrown on the archeology of that 
portion of the Columbia Basin when studies on the materials from 
the Chief Joseph Ueserroir are completed. 

On April 2 Joel L. Shiner started cicavations at a site in the McFai^ 
Keservoir where a cultural layer lind been discovered underneath a 
thick stratum of wind-deposited volcanic ash. The site, which was 
reported to the River Basin Surveys in January by Thomas R. Gartli, 
repnisented a single occupation by n gi'oup of Indians having a simple 
culture and, except for the projectile points, vety crude tools. Some 
ItX) artifacts, including Lumnierstones and choppers in addition to the 
points, w'ere found there. I^rge numbers of animal bones, many of 
them burned, and mussel shells were present in the midden. There 
were no indications, however, of any type of habitation. The culture 
probably represents a fairly early horizon in llie Columbia Basin, but 
its proper place in the sequence for tlie area cannot be determined 
definitely until the volcanic ash is correlated with one of the known 
eruptions in the region or tlio burned bones have been dated by the 
carbon-14 method. Topologically the artifacts appear to be of re¬ 
spectable age. 

At the end of April Sir. Shiner moved his party to the site of a 
former lislnng village at the mouth of tlie Walla Walla River and 
carried on excavations there until the middle of Hay. Host of the 
digging was done in a midden deposit adjacent to the house remains, 
and a good series of artifacts was obtained. That is one of the few 
locations where enough material was found to mate possible a satis¬ 
factory Statistical study of the types of artifacts. The village a] 3 par- 
cntly was occupied just prior to and during the first coming of the 
white man, A large numbet of burials had been present at odo time, 
but the locality had been so thoroughly dug by local collectors Uint 
only scattered bones were found by Sinner’s party. 

During the year seven preliminary rei>orts were completed and 
mimeographed at the Bugene office, Specimens from tire various 
surveys^ were processed and cataloged and the photograpJis taken by 
the various parties were cataloged and filed. Because of the situation 
with respect to funds for the following fiscal year, it was necessary to 
close the Eugene office on June 30,1951. 
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OetfTffia.—Field work in Gcsorgia waa carried on from a 
operations furnished by the University of Georgia at Atlieni The 
main investigations during tlie year ’trere of a eurrej nature, t i^m 
November 14 to April G a reconnaissance was mud© of ama that 
will be inundated by the proposed Buford Reservoir on the Chatta¬ 
hoochee Elver. From April 23 to 2& a brief roconoaisauce was mad© 
in the Clark Hill Eeaervoir, on the Savannah River^ for the purpose 
of Jocating the remflins of Fort CbarlottBh 
Tlie Buford Reservoir basiu occupies a intertwdmle ^tion 
of north-Georgia terrain lying between the Allatoona E^rvoir ar^ 
on the Etowah River and the north-Oconoe drainage. The region is 
on© that is virtuaBy unknown areheologically, and it should contain 
significant data as far aa a proper understanding of cultural develop¬ 
ments in that pert of Georgia is concerned The prelimmaiy survey 
located 46 sites in the area to be flooded. Included in the am 

20 that appear to represent a rather early prepottery ^rt . |e 
is some evident© that Uiis group of sites may be somewhat oli^r than 
the Stallings Island Rrepottery Culture. A larger ^ 

Bites belong to the Woodstock period than was found to ^ the 
daring the investigations at the Allatoona Reservoir. The lar^r 
number of early sites indicates either that there w as a sizable [»p^ 
tinn in Uie district or tJiat it was occupied over a long span of tim^ 
Extensive investigation of a number of the sites should gyve an 
in that respect. Two largo previously 

noted, and some test digging was done in them.^ luHnel of 

of having been erected over a small natural knoll, and the 
a small square house with a bench, bed, or trrone a one ^ _ 

found on Us summit. The mound appears to represent a «tLor la e 
and previously unknown complex which probably w pre-Lumar ^ 
age. The other mound opi)arentiy is o«e of tlm 
tures thus far found in Georgia. It differ from previo^ly recogniz^ 
tvTMSs of cLteni mounds in that it was not accretioniil and prebably 
BO. mttnded for bun J purp.^ NoItUor O-r 

bro„ B ^pie « 

during the course of tc^mg t 1 « , , 


On^ltuSn S to rS fScUon is that it may have feen erected for 
uno poinuiano thn^ah tliere are no traces of a structure on 

earth... pUtforni wilhout b ttruMBiB irpuM ba 
rt. I^«l htgiBBiBg iB lb. darefopm™. «f U.. eoBirra fompla-mnuBd 

'Tn addition to tb. p™d3olB.BbiaB sitM, the oarroy found « number 
utiZuM^t, too hUtorlc a«~bee. The letter .™ lu»tod for lb. 
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most part along Uio course of tlio old Federal Road, irhtcli passed 
through the Cherokee country to the Tennessee settlements. A brief 
study was made of die Yann House which was built between 1B05 
and 1013 to serve as an inn for people traveling along the Federal 
Road and stands on a high knoll overlooking the Chattahoochee River 
about miles from the present town of Oscarville, It is one of 
the few Indian country taverns still standing. In its present form 
the structure shows several periods of enlargement, but die old original 
portion is readily discernible, and careful study of it should produce 
interesting data on the nature of the taverns of the period when built. 

The search for the remains of Fort Charlotte, in the Clark Hill 
Reservoir area, showed that it was located on the South Carolina 
side of the Savannah River, but inasmuch as it will bo inundated by 
the Clark Hill Hescrv'oir, the dam for which is being built in Georgia, 
investigation of the site is considered to be a part of the Georgia 
project. Fort Clmrlotte, built in 1765 as one of the Colonial defenses 
against the Cherokee Indians, was seized on July 12, 1775, by South 
Carolina troops—one of the first overt ads of defisnee by the rebellious 
Colonies agninst the British Government, It continued to be occupied 
by Colonial troops until the close of the Revolutionary War. Because 
of the lack of accurate information about the actual physical character 
of the fort and the fact tiiat certain phases of its history correlate 
with Indian activities in that area, it is hoped that all remaining 
evidence pertaining to it can he retrieved from the site before it is 
inundated. 

Daring tlie period April 10 to May 18 Douglas W. 
Schwartz, field assistant, made a reconnaissance and carried on limited 
test excavations in the basin to be flooded by the proposed Celina 
Reservoir on the Cumberland River, in southern Kentuck}'. Ha lo¬ 
cated 24 archeological sites, representing a number of cultural periods; 
further work in the area probably would make it possible to establish 
a sequence for them. Rxeurations in six major sites have been recom¬ 
mended, but inasmuch as all of them are above the pool line there is 
no immediate urgency tor tlieir investigation. Their location is such, 
however, that a Bar the reservoir is filled they may ha subject to some 
wave action and will he easily available to unauthorized diggers. 
Consequently, plans should be made for additional work in that 
district. 

The survey in the Celina area was done In cooperation with the 
University of Kentucky, which furnished IVfr. Schwartz with the 
necessary trans^rtation and provided him with office and laboratory 
space for working over his material. Dr. William S Webb head 
of the uni versity’s department of anthropology, assisted Mr. SchwarU 
m an aarisory capacity* 
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JS(winw“ActiFitiea in the Missotirl Basin continued to he 
supervised and directed from tJte field headquarters nt the Univereity 
of Nebraska in Lincoln. Paul L, Cooper served as acting field di- 
rector from July 1 until October 3, when he was made field director 
for the Missouri Basin progmin. The operations in the M^uri 
Basin shifted in character during the course of the year, mere 
previously most of the activities had been concemed with preliminary 
surveys, a larger number of eicnvating parties were sent into the held 
and greater emphasis was placed on the actual salvage of materials 
from sites that eventually will be inundated. 

From July 3 to November 31 a two-man archeological survey parly 
headed by Kobert L. Sbnlkopmade preliminary reconnaissance of the 
Apoi, Brenner, Clark Canyon, Gibson, Kelloy, Laiidon, Nilan, and 
Wilson HeservoirB in Montana; the Middle Fork and South Fork proj- 
ects in ^Wyoming; and the Narrows in Colorado Tlie par^v* also re- 
visited the Keyhole Keservoir area in Wyoming and the Moorhead 
and Yellowtail projects whose basins occur in lioth Montana and « yo- 
ming. Hie Shalbop party located and recorded 127 new sitffi. h rom 
Au<nist 12 to November 3 a two-man party led by tojoi'fie Jletralf m- 
vestigated tlie area of the Fort BerthoM Eoseryation m tlic Fort Gur- 
rieon area in North Dakota, locating and recording 55 
ing October a two-man reconnaissmicfl party under ilichiird 
Wheeler visited 10 potential reservoir in the 

Nebraska. The party found a total of -il archeological sites. Robert 
B. Gumming, Jr., and an assistant carried out a reconnai^n™ of tlm 
Ashton Reservoir area in the I»wer Platte basm in 
November 7 to 15 and at the same lime esammed the ait^ of the 
gent, Woods Park, and Ashton Feeder canals. Since only one arched 
logical site was found by Cumming’s party, the area does not ^ 
prar to have had much aboriginal occupation. This party 
ligated an ossuary that had been uncovc^ at Uie 

DuringUieperiod Junes to3,Franklm f J™ 

veved the IjOVc well ReserToir area on Wliilo Rock Creek in no 

lSl;t„:r™rrd.d »r.h»lc«lc.l .i.«. o. id 1 

„„a » 

angL“rrWMto* MG"''’’ EB^voir^ Five».n, 

co.,^-d .wbeolo^cl 
manifestattons. direction of 

turn Reservoir basin on the Cheyenne River in ^ 
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workj which had been started in tlie previous year, continued until 
iJuly^l9, when tlio TPheeier party moved to tha lioysen Keservoir area 
in IV yotniijg. The Long site is of particular interest because it tepre» 
senta one of the early hutiting^uituro occupations in the Plains area. 
The material from it is limited in quoirtity, but the blades, scmiiere, 
and projectila points probably can he correlated with some of the tyijes 
from otJicr hunting cultures and will aid materially in filling in die 
gaps in present knowle<Ige about the prehistory of the western Plains. 
Chareoal obtained from unprepared hearths has been dated by Dr. 
W. F. Libby by the carbonyl! methcKl and shows tliat the occupation 
at the l«ngsite was in the interval from 7,073^ 300 to 7,71&±7.10 years 
before the present ^ 

The VVheder party began work in the Boysen Reservoir area on the 
Big Horn River near Shoslioni, Wyo., oo July 20 and continued oper- 
atioite until Septeinlair 20. During that period a number of sites were 
t^ted, and fairly extensive excavations were carried out at three loca¬ 
tions. Jfost of Uie sites were in the open and proved to he the remains 
of camps rather th an of villagea One small rock diej ter was fou ad to 
contain considerable refuse material as well as various types of arti- 
i^acts wid broken animal bones. One crevice burial, discovered on a 
butte top overlooking tlio reservoir area, presumably belonged to the 
historm period os a number of porcelain heads and a short coil of iron 
were sifted from the sand that lay directly below the crevice. Two of 
the sites exammed piobably are late prehistoric, while the oUicrs are 

wort’ Sfe m «<iaition to the excavating 

Tw Phott^raphed and sketched many petro- 

gljpijs and made ««tenMve surface collections from numerous occupa¬ 
tional ^tos, several of which were newly discovered wliile the difflfing 
was gomg on. ^ ® 

On June 21 Wlireler and his field assistant, J. M. Shipper, returned 
to ^Vjwing and start,^ excavations at the only known pottery site 
in the Keyhole Rc^iroi^r area on the Belle Fourehe River near Moor- 
^ft. By the end of the fiscal year they had dug three shallow test 
^as acre® the sUe and recovered a series of artifacts con 9 iatin.r of 
st^e and bone implements and a variety of potsherd.. The apparent 
absence of dwelling of any kind, the shallowness of the middenlike 

?K?w?frK that 
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fortified village near the Oaho dam site on July I and continued at 
that location until October, when it was shifted to anotiier fortihed 
village a short distance farther downstream. At tlie first location, 
calleti the Dodd site, the remains of 21 earth lodges, 27 cache pits, 
and 16 miscellaneous features were uncovered. In addition, 8 test, 
trendies and 27 test pits were dug. The Dodd site is of particular in¬ 
terest becausa of the fact that three lyv<s of houses were found there, 
and tliere was definite stratigraphic evidence for a sequence of the 
various forms. The latest structures at the location had^cn circular 
earth lodges, while the earlier ones were rBCtangular. There appar- 
entlv were two types of rectangular earth lodge, the oldest ^ing 
smaller and with a somewhat different iwle arrangement than the later 
ones. Although it has not been established beyond quetioii, it 
that the circular houses were thosa built by the Arikarti, w n e le 
rectangular ones are attributable to the llandan. Severe t louson 
specimens, consisting of potsherds, stone, bone, sliell, an _ me a a i 
facts, were found during the digging, and the ana ysis o 
rial should be n definite contribution to the archeology of the area. 
At tlie second local ion , known ns the Ph i 111 ps Ra nch site, B earth ^ 

and 46 cache pits had been cleared and one test trench dug 
forUfication ditch when weather conditions brought the actmties to 
a close on November 20. The structures at the Phi ips anc m e 
wore circular and appear to correlate witli there of the final l^nwl 
at the Dodd she. Sir, Lelimer returned to the Phillips ^iich site on 
June 20 and resumed his cicavation program. It was still nndi^ way 
at the close of the fiscal year, During the short ^ri^ 
house was completely cleared and another start^. 'Hie presence of 
a palisade inside the fortification ditch surrounding ^ 

tnbUshed, and the overbuiden from the nor^eaid quadrant of the 
area was stripped away, revealing a number of features lying outaide 

"“ASn.! -oA in til. 0.h. .r.. gnt fX.’Iw W 

ptrtv ,.nd.r til. dir^lion of Dr. Wnldn K. W.d.l,«lo a^llod W 
Sie River Baam Survey’s from the U. S. National Museum, began ex¬ 
cavations at tlie Cheyenne River 

the Dodd site. Hie Chevenne River village i3 one of the lart^ and 
best preserved of the fortified sites along the Missoun River, aUhouj-di 
a portion of it has been carried away by the encrmiclimg atream. It 

^ ,1 .aa Ar 4 -tmied for a considerable period and probably con- 

apparently was i^uped ,,^11 lodge 

tarns several components By tbe^ completed, and 

Knrl lu>eii iiftcovered, Uie worK on a secou . , , , , i ^ j 

iiaa ^ ... One cadhe p t bad been cleaned and 

diBg..g h.d . t iird. one « p 

Mother tooitdl. Tbo tMt trenclia eKarotoo 
shown thd the erigiBel beltom ^ 

serfMB. The .rtit.et }i.U Ucm the .nveatisdions »» ptormg 
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highly satisfactory, and the artifacts should give a iveSi-rouuded pic¬ 
ture of the matedaL culture of the former occupants of the Tillage, 
as well^as indicating their relationship to other peoples in that portion 
of the Plains. 

£arly in Jidy a party Jed by Thomas It. Garth started mvestigating 
historic sites^ In the area to be affected by the Fort JSanda]] Eeserroir 
m isouth Dakota. Tlioy spent a siiort time ejiaminJng the site of old 
hort Randall, across the river from Pickstown, but devoted most of 
the field season to work in the vieinity of Chamberlain. Extensive 
but unsuccessful ellorts were made to locate the site of Fort Recovery, 
an y fur-truding posU The remains of other trading posts anu 
inili^ry establishments were found, however, and partially invasti- 
gated. Included in that group are Fort Hale, Fort Brule, Fort Look¬ 
out trading post, Fort Lookout military poet, and the Whetstone 
Agency. At Fort Hale there was evidence of a largo building that 
probably had been a treding post, two smaller buildings, and indica¬ 
tions of a stockade. Tliere was also evidence that there had been an 
corher Tndmn owupaiicy of tlte site. At Fort Lower Brule the re- 
mains of n cabin 4fi feet Jong were uncovered, and su lS-by-12- 
^ ™s€scA>atcd. An abandoned well wa 5 also inFesiigated, 
and about 30 snow rtiakes,» some of which were decorated with 
^metric and some with realistic designs, were recovered. “Snow 
^akes were made from bison ribs and in some cases wore 

3^^^ wooden pegs inserted in one end 

rfthtrs^Sie ™ generally used in playing a 

rather Simple ganie, which consisted of eliding them along the fr^en 

and when a 

“ I side it counted as a point. The 

SS Tore flld ' 5 ^<ii«cent to tire military 

p^, were found, end an Indian earth lodge was located while the 

p^a was being tested for the liistoric i^ains The (hiHl. Irtv 
alM ^ated 39 new Indian sites in the Chamberlain area. ^ 
Further work was started in the Fort Randall Reservoir area on 

of Robert R. Cumming 

tlic dose O? t?e fi^l year " -rtii-lodge village, and at 

j the remains of one hoii^ had l^n an- 

f^tu™ had b»„ <=o“^T;„b“ "ho^' 
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risoa Reservoir besin, near Hozeii, Ni Dak., a few mil^ above the dam 
site, fioch Village was reputedly ooeupied in the late eighteenth 
century by the Hidatsa, During the field seasoo, which tetmiiieted 
November S, five house fioota had been uncovered end a number of 
other features invest igated, A party under the direction of Donald 
D. Hartle resumed work nt that location early in June. Additional 
bouse floors were being uncovered and a number of cache pits bad been 
cleaned of their accumulated debris. The ailifact yield was proving 
satisfactory and the specimens should add to the picture of the Plains 
culture as a whole. Rock Village is particularly interesting because 
it presumably was the most northerly of the fortified earth-lodge vil¬ 
lages belonging to the period preceding the replacement of aboriginal 
material culture by trade goo^ obtained fiom the iA*hite man. 

A second party, under the direction of G. H. Smith, was sent to 
the Garrison Reservoir in June to study the site of Fort Stevenson, one 
of the important military posts in that area during the period ISfiT 
to 18S3. The post was located a few miles above the dam site on 
the left side of die hlissouri River. By the end of the year the founda¬ 
tions of the post hospital had been traced and excavations had been 
started on the site of the south barracks. There is considerable docu¬ 
mentary information about Fort Stevenson, hut knowledge of the 
post will be considerably broadened by the study of its actual location 
and remains. 

At the beginning of the fiscal year excavations were being conducted 
at the Tiber Reservoir on the Marias River in Montana by a party 
under the supervision of W. D, Engor. Two of llie sites investigated 
were occupation levels attributabla to a simple hunting culture. They 
were characterized for the most part by hearths^ cliarcoal ^ bones from 
bison, deer, and smaller mammals; and scattered chips of stone with an 
occasional artifact. The cultural levels began approximately 2 to 4 
feet beneath tlie present surface, and in one of them a rock-ringed 
hearth obout 2 feet in diameter was found 7*4 feet below the surfnoo. 
The yield from both sites was small, but there is sufTicient evidence 
to indicate that the area was not heavily populated and that the peo¬ 
ple were dependent for the moat part on the hunt fortiiclr subsiBtence. 
Other sites examined, but not extensively dug, included tipi-ring 
clusters, bison Idlls, and surface camp sites. Sites sudi as that con¬ 
taining the deeply buried hearth may contribute important informa¬ 
tion on the rate of deposition in the area in question. When materiula 
from the low level are correlated with those from other districts, it 
may be possible to determine the lapse of time since the fire pits were 

built and used. ^ - j - 

Paleontological and geological investigations were continued in 
the Missouri Basin dnring the year. In the summer of 1050 a party 
under Dr. Tlieodore %. White explored Tertiary depoeiU m reaervoir 
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in Montana and Norli Dakota and Cretaceous deposits in South 
Dakota. Work in tho Lewis and Clark and Broadwater Counties in 
Montana where the Tertiary stratigiaphy has been impcrfcijtly known 
ainco its discovery in 1904 by tlta Ittto Dr. Earl Douglass deiinitely 
established the presence of I^wer and Middle Oligocene and Lower 
and Middle Miocene in that area- In North Dakota tlie in vest ignt ions 
doruonstrated that the Cannonball Marine menibcr of the Fort Union 
fozmotion has a much greater areal distribution than was formerly 
Hupp<5sed. Other activities consisted of rapid surveys of propcjsed 
reservoir projects in Nebraska and Colorado^ Investigations in Mon^ 
tana were resumed in June of 1951. 

Laboratory activities at the field headquartci^ in Lincoln during 
the year included the processing and cataloging of specimens j the 
processing of recorda, including the indexing and filing of photo¬ 
graphs; and tile preparation and minieographiTig of preliminary re¬ 
ports for dlstrihution to the cooperating agencies^ The specimens 
proofed, numbering 84^55^ came from 371 sites distributed over 13 
reservoirs and other projectsL In all, 11,TM reflex copies of records 
were made. Color transparencies totaling &51 wore cataloged. Black- 
and-white photographic negatives numbering 1,707 were made, and 
7,iK)7 contact prints were processed. Id addition, 197 8-by-lO''^ en¬ 
largements were made^ The drawings, tracings, and mafas prepared 
for use in the various reports numbered 460. 

Severtil exlubits were prepared interjireting the salvage program 
and the prehistory of the Missouri Bssin arc-a. Ono of thcJU was dis¬ 
played at the Eighth Conferenco for Plain® Archeology, while aiiother 
w^ placed in the windows of the Surveys' quarter® in doAvntown 
Lincoln. A eeries of lantern slides illustrating the salvaga program, 
particularly with respect to Nebraska, for use in an automatic pro¬ 
jector, was prepared in cooperation with the Univei^tj of Nebraska 
State Museum and wok installed in the latter institution- 

G- Ellts Burcawj archeologist^ was in charge of a field party exca¬ 
vating at the Rock Village in the Garrif^n Reservoir, N. Dak., at 
the start of the S^al yeat"* He continued his activities there until late 
m October and returned to the field headquarters at Lincoln on Novem^ 
her 3 where he worked on his field report covering the summers 
activities. 


Paul L. Cooper, field director, dovotod most of his time to tnanage- 
tnent j^blcms and general euperrision of tlie field olTits) and labors- 
toiy. He made numercina trips to inspect and consult ivith field parties 
and serred m an adrisory capacity to the Region Two office of tlve 
a lona ar Semeo at Omaha, hfebr., in tho matter of preparing 
agreements for ooopcratiTo projects carried on by State and local 
institutions in the Missouri Basin. 
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Robert B. Cumming, Jr., ardisologbt, served ^ laboratory super- 
risor at tlie lincoln headquarters from July 1 to hovem^r fe, 
such times as the director was absent from tha offici^ Mr humming 
assumed admimstraUTB responsibility for tha Lincoln oflioe. After 
NoTembET 6 Mr. Cumming took over tlie duties of a beld archeologist, 
conducting surveys in tlie Ashton BeseJ-voir area and ™ 

taTations in tlio Fort BandaU Reservoir basin. Ihiruig toe winter 
months he wrote a preliminary report on the results of Ins si^vey 
work and assisted with toe preparation of a preliminary 
the Oahu Eeservoir. He also prepared a report on the physiol ant * 
nolocy of skeletal material cscavated at toe Massacre Cmk sit^ 
ifebni by toe Nebraska State Historical Society, a cooperating iiwti- 
tntion. At the close of the year ha was supervising the eieavations 
at the Oldham site near Platte, S. Dak, 

Walter D, Engor, Jr„ archeologist, was enpg^ m 
vations at Um Tiber Reservoir on the Manas River in Montana at 
toe begimiing of the fiscal year. The party under his 3 ni«rvisio|i con- 
tinu^ts activities until September 16. when it returned to the Lincoln 

^^tanklin Fenengn, archeologist, reported to toe headquai^ at 
Lincoln Nebn, on October 26 and served as laboratory su^i^r 
from November 6 to June 1. when he was assigned to duty m the field. 
SrTy in June he made a survey of toe Uvewdl E^rvoir am m 
Kanils and b the latter part of the month made a preliminary recon* 
ti^ce of six potential reservoir areas in Wyoming During the 
Itr montlis in^bcob he wrote 

t„ii^nce appraisals of the Sun River basm and the Jefferao^iter 

Sirwhicb were issued in mbieograph form, 

vev reports for the following reservoir projects: 

xt" ^ \trtnrlipad Fort liandalL imd X^ofewelL In additioni Mr. 

Feimn^’i^ote “A llistorical -Ajialysls of 

in the^'^ychological Sciences,*' for publication m tlie Proceedings of 

IL Nobria AeSdemy of Scien^. In November Fenenga was elected 

t. F«rt &.11 Tt»t .ork until 1... .u 

fvfoLer when he turned bis attention to a survey of toe area m toe 
, . , <ni Kun-iotn ^ Diik for toe purpose of locating Indian 
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He returned to duty witli the Biver Basin Surveys on February 27, 

when he prepared a reiwrt on the results of his activities in tlw Fort 

Randall nrea, 

Harlle worked at the Oahe Beservoir as assistant to 
I>oii«ld J, Uhincr from the beginning of the fiscal year until Decem- 
bei- 1. During February and March he was employed on a Texas 
in-ojeci. On April 17 he ivaa appointed archeologist and from then 
““til -liiiie I llio hihoratory at Lincoln, lie then proceeded 

to tlie Kot k Villiigt site in the (Sairison Kcservoir, X, Dak., where he 
simted a of escavutioiis which were still under way ou June 30- 
Donald J. Lchmer, archeologist, was in active supervision of the 
excHvo ions at the Oahe Beservoir in South Dakota from July 1 until 
Deccuber b Irom the latter date until March he worked at the 
Lincoln office preixaring the report on the results of his investigations 
at the Dodd site. In ilarch he was transferred from the Missouri 
liasin headquarter to u preject in Oklahoma, where he remained until 

Tim^Si 1 ^ headquarter. On 

.Jun. 20 h. prodded to U„ Oohe Itetorvoir o.,d tosomod «c»mio»o 

nt tMte wlm Ii^,s oerkmg «|„„ the Md stwon ended tlie pie- 

} . fl hlJe nt Lincoln ilr, Lelimer completed a paper Mviiw; pre- 

““'.'”“<’'7 »t the DoM ail!. 

George Met^lf, heW and labomtory assistant, was at the Angostura 
Re^rvoir m Soutli Dakota assisting Richard Page U'hccler^ftt the 

office, i^Iicre he worked on material obtained during the couise of 
excavatiouB atthe Medicine Creek Beservoir. On Aifgui H^r^- 
^ded to the Ganison Reservoir and joined tlie party Wilder Q Ellis 
Beton, I rm, Aegto,. 22 oatil October 18 be eerted oe e roLieis- 
•enee of llie eree around Ibe Fort Bertbold Indian Besetwtion end 

the survey he remained at the complotmg 

Burcaw mitil the end of the Q^d ^ J ^ f assisting Mr. 

During the winter months he >«turncd to Lincoln. 

nf materials from the various c»cavations^Krdf 
tiona of eoine of the reports on ^ ^ *“ prepare sec- 

he left Lincoln for theQairison «On June X 
Rock Village. At the end S ^ 

activities at tfint Joeation. ccmtiiming bis 

activities ibere and accompanied the party when it moved to 
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the Boj’san Risservoir id WyoiDiDg, returniDg with it to Lincoln in 
September. Ehjring the period Soptcmber 28 to October 30 he ea- 
sistcd in the survey in the Niobrara River subbasin in Nebraska and 
from November 7 to 15 aidotl in the examination of the Ashton Res¬ 
ervoir area and the region adjacent to the Sargent, Woods Park, and 
Ashton Feeder canals- He also assisted in the salvage of the buriats 
uncovered by activities at the Cushing dam site. During tlie winter 
months lie devoted his time to the restoration of pottery vessels from 
the Boysen and Oahe Reservoirs and assisted in other laboratory 
duties. On, Juno 21 he accompanied the excavating party that was 
sent to the Keyhole Reservoir in Wyoming and was occupied there 
at the end of the fiscal year. 

George PL Sniitli joined the River Basin Surveys staff as archeolo¬ 
gist on May S. Until June 4 he devoted bis time to a study of the 
problems centering about historic sites in the Fort Randall, Oahe, and 
Garrison Reservoirs, and in familiarizing Iiimseif with the work 
already accomplished in those areas. He also made a quick trip to 
the Oahe and Garrison Reservoirs in company with 5f. J. Mattes and 
R. H. Mattison, historians of tho National Park Service. On June 11 
a party under his supervision began eicavations at the site of Fort 
Stevenson, and at the dose of Uie fiscal year he was still engaged 
in that activity. 

At the beginning of the year Richard Page Wlieelcr, archeologist, 
was in charge of a party excavating at the Angostura Reservoir iit 
South Dakota. In July he and bis party moved to the Boysen Reser- 
imir in Wyoming, where they carried on excavations until September 
SO. "Wlreeler then retamed to tJie headquarters at Lincoln and from 
September 28 through October 30 directed the surrey of 10 potential 
reservoir sites in the Niobrara River subbasin in northern Nebraska. 
Returning to the field headquarters, he spent the winter montlis 
completing his report on the Niobrara survey and working on detailed 
technical reports on his investigations in the Angostura and Boysen 
areas. On Juno 21 he left for the Keyhole Reservoir near Moorcroft, 
Wyo., where ho began a series of e.vcavations which wore actively 
under way at the end of the fiscal year. In .April Mr, Wheeler was 
elected chairman of the anthropology section of the Nebraska 
Academy of Sciences to serve for 

On July 1 Dr, Theodore E, White, p.-ijeontologist, was investigating 
deiposits in tJie Canyon Ferry Reservoir. From there he proceeded 
to the Garrison Reservoir and subsequently to the Fort Randall 
Reservoir. At all three locations he collected fossils and continued 
his studies of tJie geology of the v.arious areas. From September ^ 
to 00 he made a rapid survey of 10 proposed reservoir prejecta in the 
Niobrara River aubbasin in Nebraska. The completion of that ta^ 
in so short a time was made possible through the cooperation of Moms 
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Skinner of the Frkk LnboratorJcs ’sho is tlioroughly familiar ^rith 
the artfl. From Otlober 8 to 14 Dr. Wliita eXfliTiinerd Pliocene de¬ 
posits in the Bonny Reservoir in northeastern Colorado* From No- 
venibt'r until June he was engaged in work elsewhere. Returning to 
the Jfjssouri Basin on June I7j he proceeded to the Canyon Ferry 
Rt^rvoir in Lfontana to continue his search for fossils. Nearly 100 
specimens were collected^ including forma previously unknown from 
the are:i. Those from the Oligoceiio deposits consisted of inaj^upials^ 
InsGctivores, rodcnta, and small art-iodactyls. The larjger auimnlap 
euc:h as tho rhinoceroses^ are represented only by fragments* Tlie 
material obtained from the Miocene deposits eonsiata of htrge oreo- 
dontSj beavers, rabblta, and email rodents. While at the Lincoln 
office Dr. White prepared a paper, ^Observations on tJie Butchering 
Technique of Some Aboriginal Peoples,’* which was presented before 
the Eighth Annual Conference for Plains Archeology held at Lincoln 
late in November* 

Oklahoma .—During tdie fiscal year both surveys and excavatioufl 
were carried on in Oklahoma. From July 1 to August 10 Leonard 
G* Johnson and James G, Smith, field assistants, made a reconnais¬ 
sance of the Gaines Creek Reservoir on Gaines Creek, a tributary of 
the South Canadian, In eastern Qklalioma. They located 52 archeo¬ 
logical sites, most of which indicate temporaiy occupation despite the 
fact I hat at two locations there were mounds, and at other places vil¬ 
lages seemed to have existed. Most of the sites in the Gaines Creek 
area wens found on high ground above the high-water mark* but a 
number of those tliat w ill bo fiooded appear to be of some sigiuficance, 
and excavations have been recommended for six of them* In addi¬ 
tion to the aboriginal remains, the former local Ion of one historic 
settlen^cnt, North Fork Town, w'aa established. The Gain^ Creek 
Rcii^rvoir constitutes part of an alternate plan that lias beeii prepared 
for that nreii. One plan calls for a single largo reservoir to be known 
as tho Eufaula* The other ealle for three smaller projects which in 
tho main will Inundate approxiinataly as large an area as Iho one 
reservoir* In view of that situation the surveys have been carried on 
from the standpoint of the three smaller reservoirs: but extending the 
iiiVfetigationa sufficiently beyond their limits to take in tlio ono Fargo 
project- Tiift other two smaller reservoirs, the Canadian and the 
Onapa, were suncyed during previous yeato. At that time the Ca¬ 
nadian was found to involve 41 archeological sites ami the Onapa 25- 
W ith the rcsulta of tho Gaines Creek survey, it now is evident that a 
total of Il8 aitc^ will Iw included in the Kufaula basin if the one large 
project ia carried through* If only one or two of the smaller reser¬ 
voirs are eornpletods the arclieological salvage needs will, of course, 
be less. 
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After completing their studies at the Gaines Creek project, John¬ 
son .md Smith proceeded to the Optima Reservoir area on U»e ftorth 
Canadian (Beaver) River in Tesas County* The dam for the project 
is to bo crated just above the conQucdce of the North Canadian and 
Coldwater Creek and wiU flood areas along both st ress* 1 hreo sites 
TTCro found along tlie North Canadian and one along CoWwater Creek. 
In all cases they were found to bo above the high-water line, and there 
is no urgency with respect to eacavating them* Srte 3 at the 
upper end of the basin that wiU be flooded along tlie Nortli Canadian, 
and investigation at some future date hns , 

The excavations made in Oklahoma were in Ae area te fl^ed 
by the Tenkillcr Ferry Reservoir on the Illinots River near lalilcquah* 
^mo testing was done nt two locations, but m(Bt of the work was at a 
third, kno^v^ HS the Cookson site, where a party under 
of Boiiald J* Cchmcr dug 6 houses, 4 g^ea, S hearths, 
nits- Two components were isolated. The early one was character¬ 
ized by rectangular houses witli four center posts ^d trench 
traticel whDe the later %va3 characterized by rectangular hon^ with 
two center posts and indications of a bench along the north wall* 
There was no evidence of an entryway for these hou^. The projec¬ 
tile points accompanyuig the early horizon fall within the range that 
b Xd^eTtvpfcal of Archaic and early Woodland in iho Souihes^ 
Tliev also are common in the material from the 
Focue in northeastern Oklahoma, Associated potsherds ihibcate a 
ware similar to the utility forms from Oio 
latter ware in itself camiot be limited to an early 
small amount found in the excavations of the early 
posts that potterv was just beginning to appear m the complt^x. btone 
Artifacts inho late horizon differ somewhat from those of the earlier 
Slate hoes and double-bitted axes are absent and projecUlo points are 
pi,!domm.t.lJ wmll. Tho potUiJ Si 

a sliell-tcmpcrcd ware which usually is decorated. The total ™"*P*f* 

.. Orr’. Fort Cnff™ F«.., £,» 

kr™ n«l“tarr.h«e'Lta.r.d typid of -j'yJP™ 

componool, rrhilo Ukw of tl» !•“ Iro™" «'• “P"'' "> ‘’'®' 

'“tIw wort^rUtoTrScP Ferry wM complclejl olUioend of MV. 

.rK,MrI.hn.er.e,or.d^.He«B^ 

coin. Tl«o««'>d‘k* f “'Cl F* Bell, of the ftnirereil, 
Uia wirvp Vf^rfiL parties in tlm capaeity of a consuhant, 

of Oklahoma, oklabo^ coopereted in Die loan of equipment 

a'nd ii'making office space available to tlio men when they were in 
Norman. 
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Peniuyt^ania .—Investigatious in Pennsjlvunta consisted of two sur¬ 
vey projects. During October a reconnaissance was mndo of tiie Cbne- 
muugh River Reservoir in Indiana and Westmoreland Counties and 
of the Rost Branch Reservoir on the Clarion River in Elk and McKean 
Countira. The dam for the Conemaugh Reservoir* situated near Xuiv- 
nelton, is scheduled for cximpletion by December 1051. The reservoir 
will flood approiimately 21 miles of the Conemaugh River and 11 
miles of one of its larger branehee, the Black Lick Creek. Within 
the pool uvea, eight archeological sites were located. Of this group 
only one was deemed wortliy of further exploration and excavation. 
It covers about 10 acres and is located on one of the larger terrace 
bottoms above the river near an old fording place. An Indian trail, 
Venango, is supposed to have crossed die river at that point. 
The East Branch Reservoir apparently is located in a district where 
there was little aboriginal ocenpation because no archeological sites 
we™ found there. This probably may be attributed to the fact that 
the ^rvoir will fill a narrow V-shaped valley which was not suitable 
for Indian inhabitation. The surveys in Penn^lvania were made by 
Ralph S. Solecki. 


7tfjrns.—Tlifl River Basin Surveys in Texas continued to operate 
from tha base and headquarters furnished by the department of an¬ 
thropology of die University of Texas at Auatin. Robert L. Stephen¬ 
son was in charge from July 1 until April 15, when he was granted 
an extended leave of absence. Edward B. Jelks then assumed direc¬ 
tion of the project. During the fiscal year surveys were begun and 
competed m the Ferrell's Bridge Reservoir on Cypress Creek in north- 
cast Texas and in the Granite Shoals Reservoir on the Colorado River 
mcentral Texas. Excavations were continued and brought to comple- 
tmn in two field seaajons m the Uvon Reservoir on the East Fork of 
Trinity River, while the £ret field session at Garza-LitUe Elm 

resulted in the excavation 
of two sih« and the brief testing of three others. Excavations were 
also started and breught to completion in three sites in die Falcon 
Rerervoit on the Hio Grande. The excavation of two sites and testing 
of tlirre others were completed in the Belton Reservoir on the Leon 
River in central Texas. 

The cxca^dons started the previous year in the Lavon Reservoir 
vrere compc ^on Augi^ 2 , with recommendation for additional 
txc^ntion to bo underliiken during the spring of 1551. The work 

H 40 percent of the large circular 

\ T ^ Sd several 

1 f de termined that the site is a pure 

component of the newly delineated IVylie Foeiia This is a culture 
complex probably overlapping the latter part of Gibson aspect and 
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tlie early part of Fulton aspect times in the Caddoan area and is coevRl 
with the Henrietta Focua of the southern Plains area. It is not a part 
of mther of those tomplesces but apparently iin itidepcndent culture 
in contact with boUi and dating probably between and 1500^ 

ExcaTations were started in three archeological sites in tlie Falcon 
Reserroir on February &* Donald D. Hartle was appointed temporary 
field archeologist for this project, and^ under the supcrvidon of Mr. 
Stephenson j he dug two- historic sites and one deeply buried site. 
No positive evidence of Indian occupation was found in the two his¬ 
toric sites, which censisted of two and four stone-house riiinSr re¬ 
spectively. Both probably may be referred to the Early to Middle 
Spanish Colonial period in the area. In the prehistoric site, a bulb 
dozer was used for half a day and an area 20 feet by 40 feet was un- 
ooverod to an average depth of 12 below the stir face, exposing an 
extensive occupation area which was excavated by hand in arbitrary 
6-inch levels to an additional depth of 18 inches, Large quantities of 
workshop refuse and 200 artifacts were recovered from the leveb The 
stratigraphic profile provided by the 12-foot trench wall revealed two 
additional occupation levels at depths from the surface of approxi¬ 
mately 4 and 7 feel, respectively. 

In tho FerrelPs Bridge Reservoir E. O. Miller and E. H. Moorman 
coiidncted a survey fmm January SSI to February IG and from April 
0 to 21. During that survey 34 archeological site? were located and 
recorded. Five of them contain small artificial earth mounds; tlie 
remainder ato open occiipatioiial areas. Six of tlie sites Inive bocn 
recommended for further excavation. 

The Belton JleBervoir, surveyed the preceding year and ^m- 
mended for no further excavation^ was later found to contain two 
previously unknown arclieological sites meriting some investigiitioo* 
Mr. Miller and Mr. Moorman^ who hud located the sites, spent the 
periods December 11 to 13 and February 23 to March 2 in brief 
excavation? of the Urbantke site and the Grimea Houy site. In addi^ 
tion, they made extensive test^ in three other nearby sites. It was 
found that the Uitantkc site contained considerably niore pottery 
than most of the sites in the area. The artifact analysis showed wn- 
Siderable similarity to the three rock sltelterR cxcavateil the previous 
year in tho Wliitney Reservoir ares. The excavations at the Grim^- 
Houj site uncovered Ifi bnrinlsT. and analj^s of the artifacts and site 
features indicates a relatively late date. It possibly was a Comanche 
burial site. 

Tlifl second season, of escnTatiotis at the Lavoiv Itcserroir was begun 
on March 12 and continued until Jfay 4. The work included further 
(ligfjing in the Hogge Bridge site and eatedsive e.^cflvatJons m the 
Branch and Campbell Hole sites. In order to detcntiine quickly the 
slnitigraphrc profile mivoIvkI in (he large circular pits m those sites, 


84 REPORT SMITllSONIAN IJ^S TITUTI ON, 1&51 


u bulldozer was used for a total of 22^^ hours. This provided exten¬ 
sive stratigrjpUic trenches through the pit and the midden areas in 
Live Branch and Hogge Bridge sites and one loug exploratoiy tronch 
in the Campbell Hole site. The use of a bulldozer for tliis work proved 
very satisfactory, and little msteriiil damage was done to the artifacts 
or I he features encountered. 

The first field session at the Garza-Little Elm Reservoir was begun 
on May 7 and continued until June IS-, Elx^ensive excavations were 
Completed in the Lake Dallas and Ledbetter sites and brief tests were 
made at the Pease and Craft sites. One of the few largo Archaic sites 
in this are[tj the Luke Dxtilas aite, yielded artifacts that should be 
valuable in the integration of liie Archaic eompfeies of northeast 
1 exaa. At the Ledbetter site—one of the most extensive local examples 
of tho later agriculture-potlcry period —an interesting group of arti¬ 
facts was found that suggests contacts with both the Caddoan peoples 
10 the east and the peoples who lived to the west and southwest. 

At the Granite Shoqls Eesen'oirj surveyed during February and 
March by Robert IL Humphreys) 12 archeological sites were located 
and recorded. They are all open oocupatioual areas along the narrow 
valley of the Colorado River. None are extensive or deeply stratified, 
and since some Information is on record from sites both upstream and 
donnsti'eani from tliis project no further investigations are recom- 
mended. Such evidence as was found during the reconnaissance and 
testing indicated tiiat tlie Granite Shoals legioti probably wiis occu¬ 
pied bjp people of the Round Rock and Uvalde Foci over n period of 
many centuries. 

Dr. Theodore E. White spent the first 2 weeks in April in the 
Austin laboratory identifying the faunal remains from the archeologi¬ 
cal excavations of tlie Whitney, Lavon, Belton and Falcon Reservoirs. 
During the remainder of April and the fim week of Mu v, he collected 
fossils from the Upper Cretaceous deposits of the Lavon Reservoir, 
Ue devoted most of May to invest i gat ions at the Gorza-I,ittle Elm 
Reservoir, wlierc he located and collected several vertebrate specimens 

of rkistocene age. They included a bison skull, a tmtJe, and m hor^ 
Jaw. 


moT. he was not in tho field, Robert L. Stephenson, arrheologist, 
devoted his time to analysis and study of the archeological materials 
from the Lavon and Wdtney Reservoirs and in organizing and pro- 
jamming the work for the various field parlies sent out from the 
Austin headquarters. He completed an article on “Culture aironol* 
0 ^ in esas, published in American Antiquity, and fin- 

ished a paper, Hogge Bridge Site and Uie Wylia Focus," for 
publication m the same periodical. 

archeologist, assisted Mr. Stephenson in the field 
and laboratory throughout tho year until April 15, when he took 
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over Bupfirvisioii of tho T<ssu:^ projocti He spent most of the remainder 
of the year in tlie field at tbe Lavon and Garza-Little Elm cscavaiioos. 
He prepared a “Field 5Ianua] for Beginners In Central rieias Arche* 
ology which was mimeographed and distributed to amateur archeolo¬ 
gists who had rer^uested guidance. As a result of historical research 
undertaken to stipplement archeological investigation at the Stana- 
bury site in the Whitney Reservoir, he prepared a paper, “Indians of 
the Central Brazos Area,” which was presented at the auimal meeting 
of the Texas Historical Association on April 27. 

El 0. Miller and E. H. Moorman served as field and laboratory assist- 
ants throughout the year. They participated in tile investigations in 
the La von and Garaa-Little Elm Reservoirs, began and completed the 
excavations in the Belton Reservoir, and carried on the survey of 
Ferrells Bridge Reservoir. The rema’mder of their time was spent in 
the laboratory in Aostin cataloging and tabulating the amteriala from 
the various field projects and preparing s rcimrt on their survey of 
the Ferrell’s Bridge Reservoir. ^ 

As a result of the linanciul status of the River Basin Surveys work 
in the Texas area, die Austin office was closed on June 30. 

Freginta,—Field work in Virginia during die yetir included tlio 
survey of one reservoir area and the excavation of a tiuruber of sitra 
in anotlier. On July l,Cnrl F. Miller was digging at a site immediately 
east of Clarksville, Va., on the east bank of the Roanoke River m 
the Buggs Islajid Reservoir. Stripping operat ions there had dost royw 
a large jiart of the site before information was received about die 
work under way. Consequently, it whs possible to salvage^ mater ml 
from only two portions of tlio sit&. Froni thoso iirej^ (7 burials 
with ttioir accocopojiyi og artifticts werfi and various middoo 

pits, as well as die remains of a rectangular structure, were uncovered. 

That project was completed early in A ugust. On Febni ary 2S, excava- 

tions in the Buggs Island area were resumed, and from theji until 
June 20, digging was carried on at nine different sites. At one there 
vfas (ftratification showing that it was first occupied during tlie 
ceramic times and had continued in use until about tho middle of t ^e 
ceramic period, when it was aliatidoncd. Two of the sites investi* 
gated were on Oocaiieechi Island near Clarksville, One of them con¬ 
tained heavy cultural deiwalts consisting of botli Indian and European 
materials. Unfortunately, there had been so much disturbancs by tlie 
later occupation that it was difficult to obUiin satisfacto^ ovidence 
from it, although a good series of artifacts was found, lha ^nd 
site on the Island was one of tho largest thus far examined in die basin. 
Forty-four burials were found there representing all types from fully 
Qexeil to partial cremation, llie biinicd floor area of a large rec¬ 
tangular structure measuring 35 by ID fret was uncovered Tlie hoiire 
had five distinct floor lerels interspersed with layers of dean sand. 
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WliPtlier thut indicated fiva separate occupationg of the struct ui^ or 
remodeling activities during the course of a long-continued tenancy 
is uotknown^ but further study of tlie data obtained from the digging 
may tiirow light on the subject, Tlie struetur© liad been built over 
a number of burials^ and after it was abandoned otlier graves were 
dug thruugb tlie Boor, showing that the site continued to be inlmbited 
after the dwelling Ixad burned, A number of the burials were accom- 
panied by turtle campuceSj whicli undobutcdly were placed there as 
funerary offerings. They do not seem to have been used as food 
receptaclesj for in every instance they were inverted- Possibly they 
may have Imd totemic significance and were placed with the dead to 
indicate that the individual wiis a member of the turtle clan- A good 
pottery series obtained from the site should fill certain gapg in the so- 
quence for the Rren. The work on Occaneechi Island indicates that it 
Avas not tljc plnee where the village mentioned by Lederer, who visited 
it in 1670, was iDcaled and that previous identilication of it as such was 
in error. The current investigations indicate that the Occancochi vil¬ 
lage probably was on another island lying some distance downstream 
from tlic one that now bears that nnmu. 

It had been Jiopcd that at two of the sites, where fluted points and 
other artifacts suggestive of the eastern variant of the Folsom com¬ 
plex had been picked up from the surface, some remnants of the de¬ 
posits belonging to that period would still bo intactv The excava¬ 
tions sJiow'cd^ however^ that the gJtes had suffered extensive erosion 
and tliut tho artifacts pi^viougly found there were simply float ma¬ 
terial that remained when tlm deposits w'ci'e carried away. Addi¬ 
tional work still remains to be done at the Buggs Island Eeservoir. 
The survey was mu da at the Phllpott Reservoir duriug the last week 
in June. ITie archeological manifestations found there are so 
closely related to those in the Buggs Island area that no additional 
work will be required. Materials gatliered from tlio surface are so 
similar to those from Buggs Island sites that they coutd not be recog- 
mz^d if placed in tlie same colIcctionGk 
West PiTym?4r.—The only work done in West Virginia during tlie 
year was the brief survey made at the site of the now navigation 
lock at Morgantown, Fxaniination of the area involved by the con¬ 
struction disclosed tliat practically no new buds will be innndnted 
by die projecL The water thei*e is to he kept within the limits of 
the river cliannel, which has ratlier steep and confining banks. Rail¬ 
roads |>nrallsi die channel on both sides, and any archeological renrains 
that may have been there at one time were long since destroyed* No 
further investigations are necessary at that pixjjccL 
C^peratinff Various State and local institutions co- 

operated with the River Basin Surveys during the vear. Space for 
field offices and laboratories for units of the Surveys were provided 
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by the Dniversities of Oregonj Georgia, and Texas- The 

Universities of Oklahoma and Kentucky furnished temporary bases 
of operations for the parties workiiig in their States, The University 
of Oklahoma took over the responsibility for tlie excavation of sites 
in tlie Fort Gibson Eeservoir, and the University of Georgia con¬ 
tinued making surveys along the Flint River Ln the southern part of 
tlmt State* The University of Missouri and the Missouri Archeologi¬ 
cal Society continued to make surveys in a number of proposed reser¬ 
voir areas and carried on excavations in others, Tlio University of 
Arkansas also made survey^i and did some digging in reserToir areas 
m that State. In June^ parties vrith which the River Basin Surveys 
were cooperating began excavations in the MeXary Reservoir and at 
Lind Coulee in Wasliingtom The ileXary party camo from the Uni¬ 
versity of Waaliington at Seattle; that at Lind Coulee from the Wash¬ 
ington State College at Pullman. 

The program developed by the National Park Service late in the 
previous year whereby various sciontiBe agencies carried on salvage 
work in proposed nesen'Oir areas continued throughout fiscal year 
19M, On the basis of agreements between the agencies concerned 
and the National Pork Service, certain funds were made available 
to the ngencies to help finance specified investigations* The River 
Basin Surveys served in a consultative and advisory capacity only in 
tJie carrying out of that program. Agreements were mado^ how¬ 
ever, with the University of Nebrofiko, the Nebraska State Museum^ 
the Nebraska Stats Historical Society, the University of KnnsjiSt the 
University of South Dakota^ the North Dakota Historical Scx;teEj, 
the University of Wyoming^ and the Univ'ersity of Montana for Avork 
in the Missouri Basin. Similar agreements were made with the 
University of Missi^ippl for a survey of the Grenada Reservoir in 
that State, wiUi the University of Okltthonm for excavations at the 
Eufauk Reservoir^ w'ith the UnivciTsily of Texas for excavations at 
the Falcon Reservoir^ with the Museum of New Mexico at tlie Chamita 
Reservoir^ with the Uiiiverdty of California for excavations at the 
Farmington Reservoir^ and with the University of Washington for 
work in the McNary area. The final results of tlie work accomplished 
under those agreemeuts will be published by the institutions con¬ 
cerned, but tJiey will correlate with and augment the information 
obtained by the River Basin Surveys. 

Il¥,SnTtfTi: OF SOCIAL akthbopoloot 
prepared by O. FOsteeJ 

General Tlie objectives of the Institute of Social 

Anthropology are anthropological research on the community life of 
rural peoples of Latin America and the training of Latin American 
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nationals in the methods and prineiples of modem social anthropol' 
ogy. Ihe purpose is to inform both the social scientist and layman 
in the United States concerning little-kno^yn peoples of other parts 
of the ivorld and to build up iti various Latin American countries a 
corps of professionally trained scientists and friends. 

During tlie past year the Institute wns financed by transfers of 
funds from the Departnicnt of State, totaling $02,740, fiom the appro¬ 
priation '‘Internntioiial Information and Educational Activities, 
J951.” As in the previous year, long-term planning baa been dona on 
n very tentutire basis because of budget uncertainties for tlio future. 
Nevertheless, a full program was maintained in all countries, and 
work on a short-term basis was initiated in Ouateniala. The year in 
review has seen increasing interest on the part of the Institute in a 
more direct application of anthropological knowledge and techniques 
to the practical problems of social and economic change that face 
Latin American countries. Accordingly, for tlm first time an at¬ 
tempt was made to enlist Institute personnel in a common research 
problem in all four countries in which programs have been ni fimtA iTi od 
for several ycare for the purpose of pointing up some of the types of 
contributions anthropologists can make to “action” programs of eco¬ 
nomic and social betterment in so-calJcd undcrdeveloi^cd areas. It 
was decided tlmt an analysis of Aiucricaii-sponsoi'cd teclmical-oid 
programs, with a history of several years of successful operations, 
might reveal common operational problems, tlie solution of which 
might be facilitated by anthropological counseling. After reviewing 
a number of programs, it was decided that health centers developed by 
^ Institute of Inter-American Affairs in cooperation with the Min¬ 
istries of Ilealtli of Me.vioo, Colombia, Peru, and Brazil would be the 
most satisfactory subjects, Twocentera in each country, one urban and 
one rural, were selected, and during March and April the oixirations 
of these centera were studied, particularly in relationship to the basic 
cultures of the peoples served. A dual goal was envisaged: (1) that 
of detemimng, if po^ible, what may be the common factora that 
favor and factors that inhibit the introduction and acceptance of ideas 
and habits new to the ethnic groups In question; (2) that of pointing 
up difticuUics in going projects, and making ramedial suggestions. 

n prepared, which outlined the 

tlieorctical basis for the work, described the work of health centers, 
di^ussed salient aspects of indigenous culture lliat were affected by 

; T utilisation of anthropologi¬ 

cal knowledge would mcreaso the effectiveness of such work. One 
bundled copira were sent to the Institute of Inter-.Vmcricau Affairs, 
and plans made to dislnbute additional copies to various national and 

^ ^ technical- 


secbetaht's eeport 89 

Mrtjor activities in each of the field offices, and in Wa^ington, weiv 
as follows: 

ifraaiV.—Dis. Donald Pierson, sociologist, and Kalervo Oberg, social 
anthropologist, continued tJiesr research and teaching activities in 
cooperation with the Escola Livee de Sociologfa e Politica in Sao 
Faido« Dr» Pierson's ndministrative duties as dean of the graduate 
division occupied much of his time. In uddition, he gave three courses 
in sociology and guided independent and graduate research. In Peh- 
mary 1951, he directed an intensive course on rural life in Brasil, 
sponsored by seveml ministries of the state of S5o Paulo, to about TO 
persons who are government employees and administrators in various 
offices. Dr, Pierson continued to develop plans for extensive social- 
science research as a jiart of tlve Brazilian Govenunent's plan for eco¬ 
nomic and social development of the Suo Fraudsco Hirer Valley, 
lliis planning came to a head with an offer from the National Com¬ 
mission of the Sao Fraudsco Valley to transfer §2T,000 to a fmid to 
be directed by Dr. Pierson for intensive socioetlinological study and 
analysis of the problems of iiidtistrinlizatlon and settlemout in this 
eiioimous area. 

Dr. Oberg returned to Sao Paulo in July 1050, via Limn, after n 
period of consultation in the United States. TVIhIo in Lima he visited 
and consulted with Oazie Simmons, Institute representative In that 
country. During the fall, and a part of the spring, he gave courses 
in anthropology as usual at the £3i:«)1a. During March and April 
he carried out health-center investigations at Uolatina, in the Rio 
Doce Valley, and Cametii, at the moutli of the Tocantins River in the 
Amazon basin. A lengthy report covering tins work was submitted 
to the local offices of the Institute of Inter-American Affairs. In 
April Dr. Oberg represented the Smithsonian Institution and the 
United States Government in Rio de Janeiro at the Second Annual 
National Indian Wceli. At the end of the year plans were being 
completed to lend Dr. Oberg for a fl-wcek poiiod to the InsLituto of 
Inter'American Affairs for additional anthropological work hi 
Choniii, in Minos Gerais, 

Colombia—Bwimsb of tlve budgetaty uncertainties it was necessary 
to discontinue the Colombian program in l£H£t. A new inemorandum 
of understandiiig was agreed uiion in November 1950 by the llinistry 
of Foreigit Affairs of Colombia and the United States Department of 
State whereby it was agreed that future SmUlvsonian Institution ac¬ 
tivities in Colombia would bo in collaboration with tlve Institute 
Etnoldgico Nacional in Bogota, diixcted by Licenciado Luis Duqiie 
Gdmez, rather than with the Popayfio branch of the Institute, as in 
former ye:irs. Charles J. Erasmus joined the staff of the I nstituto of 
Social Anthropology in the fall of 1950 to take charge of this program. 
Mr, Erasmus has given a general course in ethnography at the Insti- 
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lato Etnoldgico as a part of the regular cairiculum ef this organtza- 
tioD. A imitthor of Colombian towns and Tillagea were surveyed for 
possible field work* and final decision was made on tlie villttge of Kotn, 
about 20 kilometers to tlio north of BogotH. This is a typical mestizo 
village of the Savanna of Bogoi&, representative of mucti of rural 
Colombian life, and oonvenientlj close to Bogota so that abort vacation 
periods as well as long field periods are possible. During Jfarch and 
April Mr. Erasmus devoted his time to the health-center research 
deacrited in the introduction, working in the Ricuarte barrio of 
Bogota, and in the Magdalena River port of La Domda. 

Guatemala.—htite in 1950, upon the request of Dr. Antonio Gou- 
haud-Carrera, Guatemalan Ambassador to the United Stat^ the tem¬ 
porary detail of an Institute ethnologist to Guatenmta became poa- 
ajble. Accordingly, Ricbartl K Adams joined the staff, arriving in 
that country in December, In the seven months at his disposal Dr. 
Adams gave a general course in tho Institute do Antropologia e Hia- 
tona. A scries of special lectures was also given to personnel of tlie 
Institnto Indigcnista. Dr. Adams also supervised field reaearch in 
several villages, including La Magdalena, near Guntemala City, in 
which the Central American Institute of Nutrition is carrying out 
long-range investigations. This work was designed to shed light on 
the dll turn I factor in a program aimed at bettering the nutritiojift] 
^d general health practices of the peoples concerned, and in gather¬ 
ing data applicable to similar projects in other Centra! American 
countries. Because of budgetary limitations it was, unfortunately, 
nece^ry to drop Dr. Adams from the Institute stall at the end of tha 
'a year, ^ Fortunately, it was possihio to make arrangements for 
turn to continue hia Guatemalan work by means of a Department of 
State specialist grant. 

If Awoo.—During the fall of 1950 Dr. Isabel T. Kelly, Instituto rep- 
rcsentatiVB, continued preparation of tJm second volume on tho Tafin 
Totouac Indians, tlie first volume of which was sent to the printer in 
June 1950. In March 1651 she participated in health-center analyses, 
studying the Beatrta Velasquez Alemfin Center in Mexico City, and 
that in the suburb of Xochimilco. Lite in the winter she made a recon¬ 
naissance trip through the Sierra de Puebla and selected the highland 
Totonac village of San ifarcos Eloiochitifin for field work. In April 
a 3-montb period of field work was initiated, in which five students 
from Escuefa ^aeioml do Antropologia participated. This study 
of a highland Totonac community will, among other things, in con¬ 
junction with the lowland Tajin Totonac afford data on the relation¬ 
ship of environment to culture. 

Dr. TViilinm Wonderly joined tho Institute in March 1951 to teach 
linguisti^ at the Eseuda Nacional. This was the first time that lin¬ 
guistics had been taught in Mexico under Institute of Social Anthro- 
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poJogy auspices sincu Dn Stanley Newmau left thre^i ycara ago. Two 
courses were given, one m general lingiiistics and the other on mor¬ 
phology and syntax. 

Peru .—OiEzie Simmons continued his teaching activities at the 
Instituto de Estudios Etnolfigicos in Lima. Field studies^ In which 
several Peruvian students participated^ were initiated in the oon- 
IndiziD village of Lunahuani, in the upper Cafietc Valley, south of 
Lima- This work, when completed In 1051, will sLiU further broaden 
our knowledge of contemporary Peruviiin rural cidture, which already 
includes the villages of Moche (GilUn), Sicaya (Tschopik, Muellej 
and Escobar), and Virfi (Hohnberg and Muelle)^ During April Mr. 
Simmons carried out bis part of the health-center invest ignt ions, 
studving tlie Lima canter in Rimac barrio, and the centar in Cltim- 
bote, on the north coast of Pord. 

Waskinffto 7 L—Br. Gordon R. TTilley served as Acting Director of 
the Institute until September, at which time he went to Harvard Uni¬ 
versity as Bow^ditcli Professor of Mexican and Central Atnerican 
Archeology a n d Eth nology. 

Dr, George M. Foster returned ill September from a yearns field 
trip to Spain to rtaunie duties as Director of the Institute* Wliile in 
Spain, Dr, Foster worked W'lE.h Dr, Julio Caro Baroja, director of the 
Museo del Pueblo Espanol in Madrid, making a general survey, based 
on printed sources and field studies^ of Spanisli ethnography. Dr% 
Foster^a part of the work was oricnte^l toward the historical and theo¬ 
retical problems involved in the carrying of Spanisli culture to the 
New World, and its assimilation with native American culture. This 
\ 9 ork was planned to give added depth and background to the 
continuing studies of Institute and cooperating Latin American 
personnel. 

Dr. Foster made a month^s trip in March to Giiateioak, Colombia, 
and Peru, for tlie purpose of conauldiig with Institute field pei-sonnel, 
and appraising the new Guatemalan project as well as the newly 
Dl>cm-d Bogota office. ConsuUations ivei e also held with he^ids of the 
participating national institutions in all three countries* Dr., loster 
spent much of the month of June in assembling tlie health center's 
report, 

mnOEIAL WOBK AKU PtTBUCATIONS 

There were Issued one Annual Report and two Bulletins (ono a 
volume of the Handbook of South American Indians), and two Pub¬ 
lications of the Institute of Social Anthropology, as listed below: 

Slitj-Bfrirratt AnDDul Report of tlie Baroau of Atuertean Etbaolosr, 

U-h25rP, 1051- , 

Banetla M3. of Sontli American Julian H. stewara. 

editar. Volume Ov IMiyalcal njilhmpotoByt Un^lsilcsp sad cuituml 
of American Indsaofi. I1II-I-T15 pp.. pla,, S dgi-i IS niops^ 1050, 
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BnRoLin l-W. The nurUit^m and cenlTiil J^ootkan trlbesi hj Flilllp Drunker. 
ixH-4^ HP,, o 23 flKS,, 3 mn\^ I05L 

InsMtnte yf SocSal AaihFoptiilog; PubU No. 11. QuLro^; A Mexican mnnlciplop 
by Dynalcl D, Brundt rtss^t^Ecd Uy dost Corona Nilfkez, pp.^ 35 

4 mapH, IDril. 

ln-^tlLnie of JSoolfll AiitliropolctrJ FabL No. IX Cmz Hm Alinas: A BraEUliLD 
Tillnecp hj Doruild Pterson^ with the DsAglaCatice of Le^l Cmz^ Aflrte^ Biaudio 
L<]poa^ nided BnU'hcloT rit!Tson+ Corlos Hori,^ea TclxeJra^ and otlieiis- x-1-229 pp,, 
SO p3rt., 13 flKs,, 2 mnpa, IflSl. 

Tho following publicfltioTia were in presi at tlio close of the 0scal 
year: 

Banedn 143^ Ti)e IndlaD Erlbes of North Amurim, John H. S^dhEdil, 

Ilidletla 14(1, ChlpptiTia cbSld life ami eulturul baekgrQuadi hy Sister 

Inez nilger 

BuRetln 147, Jonmni of an expeditSoit to the MadTaLses Terras and the 
Upper aitssfluH (n 1650, by Thaiddeiis B, CulliertsoiL Edited by John FreLucis 
MeDenuntL 

BuJletin 143, Anipaho child life and its cdlturbL bnet^ound. bj Sister 
M, Inez tlllgcr. 

BuUclIn l4i>. SyEnpo^^ltini on diversity In IrondOlB cdlture. Edited by 
WJlIlam N. Fentoa 

No. 1. JnrrodtTctlonj Tlse concept of locality and the prOfiram of Iroqootfl 
Toscerrbp hy Wllliani N, Fenton. 

No. 2. (!;oncep(s of land ownership nmoo^ the Irondols and their neighbors, 
by Georifc H, Snydormati. 

No. 3, I>Kallty oa a bnsLo factor tn the developmecLt of Iroquois social 
etructurep by WllUnm X, Fenton. 

No, 4, Some p^chologlenl determlnant-i of cultnro clmDgc Ln nn IriHpiolan 
commimLtj, by Anthony F, G. Wntlaee. 

Jfo. n. The rclidoc of nimdimme Ljito: Irs orlglii nnd devdoiKnent. by 

Merle H. Dcfirdorff. 

No. (I Local lilverElty In Iroguoli in wale and dance, by Gertrude P, Eurath, 

No. 7, The Feast of the Dendp or Glirwt Donee at Six Nailong Mesorve, 
Gnaada, by WMRnm N. Fenton and Gortrude p, Knratli. 

No. 6, Iroquois women, thou a ad now, by Maritta Champion Randle. 

Bulletin 150. The nii>dnl poMOhalily of the Tnsearora Indians, ati rerealcd 
by the RorsebEteb tcet. by Anthony d Wjitlace. 

Bulletin 12^1, Antbrciiolo^cal Papera, Numbers ^1-12, 

No. 33, “Of iho Crow Nat loti."' hy Edwin Thompson Dcaig, With hlo- 
eniphleal akelch and footnKtez by John 0. Ewerai 

No. 34. The water lily In Mayji art: A complex of nlleecd Asiatic orljslnt 
by Koliert L ItnndH, 

Xo. S3. The M«Ilrliio Bunmea of the Florida Seminole atid the Greon 
Corn Dunce, hy I.ouln Copron. 

No. at Teefantaue Jo the music of the American Tttdlnn, by VTancca 

I>finHmoro. 

Xo. 3T. The belief of the Inaiun in a eonnocUun between mne nml the 
supomatuFuIr by Frances DenmuEsroi, 

No. 35. AlHirltliiot fish pol^oniN. by RolK^rt F. UelZcr. 

Hft, 33. Aborlglttnl nni'lx.-ntion off the coiiBia nf Bpper iina Eajii raUfprulii. 
by Ruttci't F. Ifclxer sutl William (j. Mnaacy. 

Xo. ■Kt HxtilDrailuh of an Adrha AEonn^l nt Xatrlom. W" Vn by itninh S. 
SoleekL 
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BuUetln 151. An tiirtipologlcal Papers, Numbers a:i-12—Cent iLued 
No. 41, Tbe Wind ttlvcf Sboahono Sun L^suoe, Tiy D. U. SliUulln. 

No. 42, Current trends In tlie Wind iUver SLoSlwuc Sun Dunoe, by Fred 

W. Voget ft „ 

RnUotln 152. Indoi to SolnHjlcraft's “Indian Trlbca ol tbc United Htatea, 

compiled by Frances S, Klelwls, 

Bulletin 153. Lu Vtnta, Tabasco: A study of Olmec eeramlii and art, by 
riilllp DmGkiif+ 

Billledn 154. liUer Basin Surveys Vni^Ts. latCF-Agcncy ArtJlwloglcal 

vflge Pro^iiD- KunjJjCJs 

No. 1. Prctlfitofy and the MSesouH VolTey Dmlop^nt Pro^nni: Pumumrj 
n'porE on the Missouri Biver Bmln Archeoli^glGol Surrej In IttiS, hjf 
Waldo R- Wedela 

No. 2. PrehlBiury and Ih* MSasourl Valley Dovsdopmeot Frt«raiu: Summary 
report oh the UlBgourl River Ua^ln Areheologicnl Survey In RH9i by 
Waldo R. WedeL 

XOr <1. Tlio Womltnff Ossuary h u prclilstoric borlnl site In riiiUli^ County, 
by Marrln F* KivetL 
No. 4. Tlie Addlicks Dam alto: 

I. All Drcheologieni survey of tlie Addioks Dam basin, BuuLtioast Teiust 
by Jfoe Ben WboaL 

II, Indian BkelelaJ remalri from the Oosrlu^i nod Robs SUos;f Addicks 
flCeservoiF, Tosufl. by Mnrkhalt T, Nowuian, 

No. E. The Hwdgos alto: 

L Two rook iheltera ufOr Tucumcnrl, N* Moi.p by Herbert W. BEck^ 
tl, GoolDgy of tbo Hodges silo. Quay County, N. Mes,, by SboMoa Judsou. 
No, (Ju The Rombert piounds, EJbert County, Gtt^ by Jeaerb It CnldwelL 
Atipondlx. List of aivor RubIq Syrveyj* r^Torla publlabod In cXhvr serlee. 
Bnlletlu 153. SettLomeht patterns In the Vtrti Yalti?yfc by Cordoa H, 

Tnstitntn of Sodnl Antlitopology PubL No. 13. Tbc Taj in Totoiiaci Tart 3. 
History, BUbslatence, and technolofy, by Isabel Kelly a ad ApkoI Peilenu* 
Itutitnte of Social AnthropolosJ PubL Nov 14. TIjg Indbni ensto of rera, 
: A population atudy bn sfjd opoa lai records and census imports, by 
George Kubler^ 

Institute of Social Antbropoloity PubL No. IE. Indian tribes of Northern lloto 
Cros^K Brnalb by Kiitorro Oberg, With api^ondlr by SlordbaU Newiuan on 
^■AnGiropometry of Uio Unioflun. Naiublcuarn, niid Iranxe;* 

InaUtut# of Secfftl Antliropolosy PubL No. It!. Peany Gnplialim: A Cnnle- 
malau Indian economy, by Bol Tai. 

Publications distributed totaled £’2^377 ns conipax'cd with 19,UG 
for the fiscal year 19Bt>. 

LIBEABY 

One hundred tweuty-threo rolumes were added to the library of 
tbe Bureau, bringing the total atcessiouE as of June 30,1901, to 34,9(11* 

akchi^’es 

Manuscript material lias been made available to researdi workers 
both in tlio office and through the furniahing of microfilm copies. Tim 
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tnajot project accomplished during the year waa the clasaifieatioR of 
tlie great collection of Iroquois material aasewibkd by J. N. 13. Hewitt. 

The addition of five new metal storage cobinets greatly improved 
the conditions for protecting the manuscripts Since more cabinets 
could not be obtfiinedt another method of storage for the material in the 
arcliivcs annejt was developed. Using heavy cardboard filing bo^eSj 
graded to SJ^Cj does away VTith the wrappings formerly iiEed and makes 
the material much easier to consulL 
A mcthocl of presendng the rare Indian drawings in the coUections 
by the process of lamination was adopted on advice from the preserva¬ 
tion division of the National ArchivesL 
Through the librarian of tlie Geological Survey, the collections have 
been enriched by tbo addition of the original catalog of the photo¬ 
graphic negatives made on tlie famous Grand Canyon expedition of 
J- W. PowelL This list in Major PowelTs handwriting, removes all 
doubt ns to the identification of the pictures made by J. K. Hillers 
and E. O. Henman. Tlie original negatives have long constituted an 
important sector of the Burcau^s Indian photographic archives. 

corj^ciiONS 

il«+ JTtf. 

IS51S1 Arehenldglcal materlaJR ana ^eletal of T ItidEvidaaTR from ito 

Ad<llcka Reservoir, on South fllariTe Ciwk in Hnerla Couatyp 16 miles 
west of Houston, Tex., eoH^^tcU 1047 br Joe E&n Whom, River Basin 
Surveys. 

IsraJS. Afcbeolo^cal mnrerlars from sites in TonktlJer Ferry Rcserrolr Bree, 
located on the Illinois River nboat miles above Its conftaence with 
the ArkutissB River add about T in 11^ north west of VEad, Lu S^Dquoyab 
and Uberokee CouaUes, Okln,, collected by David J. Wcimer* Jr., River 
Basin Surveys. 

ig^SlKl AretieoloiHcal matcrints Siirfaee-coRertecl from 2 aUcs In the Holcth 
Jli^fvolr area on Cnney River nbont 15 miteH horthweat of Bartles¬ 
ville. near UiitBb. northeBstem County. Okla.. collected In 194T 

by David J, Wennerp Jr., River Bnfltn Surveyn, 
lfir72f>7. Arehcolo^cnl materials SiirfaeeH^oUcetod from ll altcs la the Port Olbsoa 
Reservoir a reap a CorE>fl of Engineers wsiler-coutrol project on Ib^ 
Ornud (Neo^^ho) Rlvorp be^nnlu^ T.T milcB ftbove its montb and in- 
clQdiDK pert Iona of Wagoner, Cherokee, and llaycfl CoantteSp CIcLb.. 
eoUected in ItMT liy DiivJd Wenuer, Jr., River I^sin Survova. 
187139. Arebeologfcol matertul from Postoontavt E^imo sites cfh Jtkllllt Lnhe 
and at AnnJetd^uk Pnsa in tho Broots Range, norlbwestern Alasts, 
eolleoied dinlisfi the summer of tim la the Colville Basin by Artimr 
Bewsher and Dr, Georgie Rtnoo. 

167W0* ArcheoloKlnil materinl* mainly Btoaowort. from the West Fork Ri-aervolp, 
I^wlB Countyp W. Va.. coReoted la April 1D4S by Ralplj SelackJ, River 
Bnsla Surreys. 

ISiMl. ArchoologicTii material from Bhiestoae Reservoir area, on the Now Riverp 
100 mllea south of Charleoton, between Hlntoa nod Narrows, W. Va.; 
In Ollea ConutTp Ya,; ^(onroe and Igummem Countlejip W, Yo,, caUectiHt 
Uarch-Mny 1843 by Ralph 8, SoletkJ. River Baaln Surveya. 
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167542! Archwilogleal (oslerlnla fwta a moamJ at Natrlam- Mansliall Ooimtj, W. 

Va.. collactod by Bnlpli S, Soleclcl dartng Dcecmlwr lIMS and Jamoary 

10494 

I8T74S- ApprtiiLmntelj SO fosell loaiaamols from tbe Bojioii RMftrrolr iknea of 
W><iiiiSnsri the Cftnjcra Ferry Resertofr area of MooEepat the 
Gurrlfcwtt B^^errelr area of Korth DalcoU. coUected by Dr. T, R White. 
Blvcr Beistii Sorveya, 

18S101 <Th«at;h I>r. F* H. H. Boherts, Jr,) 4 speeimiaiifl, SucttullOff Crwdoat 
Bhan from the FdJeoceiie of North mktiLa, FJealosaar BfcnO, flah and 
a miariae turtle front the I'lerre CretAceeus. collecKsd by Dr* T. E. 
White at tike Fort HandaU Eeservolr area in South Duhotu. River 
BakIh Surteye. 

1SS907. (Through Dr. i^iiul U Cooper) 4 fresh^wttter mtlMltf from mtchmell 
County. Nebr., River Baalu Bunfeya. 

l^lD^ Arrheologlcfil nuiierial. moatlj rH>Ef«hertiflp from PauainAt eoTlected 

hy Dr* Malt hew W. Stlraea: 

ArcbeolQgleal niAterloJa from Ilotinil Botleiii site on the Travli farm 
about 3% mllea south of atouhdavmpp llHrshbU County< W. Vn.i cal- 
toctefl. with the eieeptiou of S ccita prekicntcd by Wr. Travis, by Riilpb 
S, Solei^l diiriOiS December 1&4S and January 15149. 

191092. 23 llmrtU. 6 Buakeu, 13 frogs, 19 marSue lovertebrates, and tusect pped- 
meua from ranam^^ collected by Dr, Matthew W^ Stlrliug and party 
during the lasi SmlthAutilun iDalltutioa-Nailwsaal Geograikhld Society' 
Eiikedltloh. 

1SS344 (Through Dr, Henry R, CoSOiia, Jr.) ApproKlwntclj STpO spideru, 27 
sprlngtallSp ftad 1 paras! tie wasp from Cornwall la lalandi^ CauadlBii 
.^xctle, coHecUhl by Dr. CoUlus La eummor uC 19S0 on National Museum 
of Coimda-^tthacinliiti Inetitntloii liJacpedUloiL 


ItkSCCU^NEOUS 


During the ycur Dr. Frances Densmore, Dr. John R. STffliiton, nn<3 
Dr. Antonio J. IVnring, Jr.t€oiuinued as colhiborstors of the Bureau. 

Inforuiation was furnished during the year by members of the 
Bureau stall in reply to numerous inquiries concerning the American 
Indians, past and present, of botli continenU. Requests from teMh- 
ers of primary and secondary gi^sdea and from ^ut organisations 
continue to increase and indicate a rapidly growing interest in tlie 
American Indians throughout the country. Various specimens sent to 
the Bureau were identified and data on them furnished for their 


owTierB^ 

B^pcctfuliy submitted. 


51, W, Stthliso, DiVecfoj*. 


Dr. A. Wrraionr., 

Secretary, Smiiheotiian IlutUvHon, 


APPENDIX 6 


Report on the International Exchange Service 

Sm: I have the honor to submit the following report on the activi¬ 
ties of the International Exchange Service for the fiscal year ended 
June 30, 1951: 

The Snnthsoiiinn Institution is the official United States agency 
for the exchange with otiier nations of governmental, scientific, and 
literary publications. The International Exchange Service, initiated 
by tlio Smithsonian Institution in the early years of its existence for 
tlie Interclmngo of scientific publications between learned societies 
ami individuals in the United States ond tiiose of foreign countries, 
serves as a means of developing and executing in part the broad 
and compreitensive objective, **1110 diffusion of knowledge.” It was 
later designated by the United States Government as the agency for 
the transmission of oHiciul docunients to selected depositories through¬ 
out the world, and it continues to execute the exciianges pursuant 
to conventions, treaties, and otlier intenintional agreements. 

Altliougli tlie weight of tiic packages received for transmission 
during the year decreased by 43,314 pounds to the total of 78S,TT3 
poutuia, tlm number of packages increased by 1,375 to the total of 
1,911,000—the greatest nrnnber of packages received during any year 
of tlie existenco of the International Exchange Service. 

The average weight of tlie individual package decreased to 1S.4G 
ounces, apfiroximately the same as the 13-oiuiee average of 1950. Tlte 
majority of the publications now being transmitted are current pub¬ 
lications rather than large lots of accnmulated publications:. Tlie 
public.stions received from botli the foreign and domestic sources for 
shipment ure classified as shown in the following table: 


CLudJImtloD 

PwChailDP 


tlnlM pulLuuMEAiT EloniiiiHiti veal tlnAd... 

JJl WtOrti fuf pal HaJtWlUMfT 


A'aCbdlT 


RiiJiiir 


W, 175 

---- 

Unlliid BL'iEh dofwtmmEfll d«XLiii£atA Kat 
rutitltttkuLi nedred ia rctiim ^ d^iioftcBnitB] 

2^7, M2 


H.oia 

I7,4fla 

.. .. . . . 



MinrOuiwiii MdvnElfld inil iltBfVT 
aoil ttliTOflil........ 



*11(1 llrmuT pabllcailona 
mrEfot] from dialTlbutliHi Ln tbe United 

StfttlL.... . .. 


W!.T« 

T*Eil_ _ . , 


^ T-r T- 





flmnd tUMl . 

1 nil 

1 iriVl 





4 W, 4 rw 
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Thft paclcsgcs of icfttions aTC forwarded to tiie cscUange bui eaua 
of foreign countries bj ftieiglit or, where sldpnient by such means 
is impractical, to tlie nddresa™ by direct mail. Tlie number of hoses 
shipped to the foreign exchange bureoiis was 2,S34, only 5 less than 
for the previous year. Of these hoses T65 were for depositories of 
full sets of United States Government documents, these publications 
being furnished in eichanga for the official publications of foreign 
governments which are received for deposit in the Lihrary of Con¬ 
gress. Tlio number of packages forwarded by mail and by means 
otlier than freight was 190,600. 

The reduction in tmnsportation costs, accomplished by exporting 
through Baltimore rather than Xew York and first effected in 1947, 
18 being gradually neutralized by steadily inciiiasing transpoi'tation 
rates. The iiici^easing freight and postal rates ai'e primarily ri^pon- 
sibie for the 145,727 pounds of publicatious Lliat remained unshipped 

at the end of the fiscal year, - t, i, 

Ifo shipments are being made to either China or Huinnnva. Piib- 
licatloiis intended for addresses in Formosa and formerly sent through 
the Chinese Exchange Bureau at Nanking are now forwarded by 
direct mail. 


rOKEIOS? DEFO&rrORtl^S OF DOCUMENTS 

Tho nuinb&r of of United Stfit^ oftici^l public&tioos 
by Uie Exchange Service for transmission iihroad in return for the 
official publications sent by foreign governments for deposit in the 
Library of Congress is now 102 <0i full and 41 partial sets), hsted 
below. Changes Uiat occurred during tlio year are shown m the 
footnotes. 

md^siTOBicfi QT rtrtt wets 


AJWESTt.'f*: DlTlalfin Bllilloteca, Mlalaterlo Uo Betavtunw EiiMlorai t CiiUu. 

I'tM. 

AuaTiMUA: CotumnnwealtU Parllaittout an<J NaUonal Ubrary, CaulierTa. 

Kew SoDTfl Walks: Public Librarj' of Kew SouOi Wnlc#. Sydney. 
QiJEEKSLAxn; ParlliuiieBtBry Llbrerr, isrlulmne. . , , ,. 

SoiTTB Australia: PubUc Library of Soulb AOatndUi, Adelaide. 

TASUAN]A: PBrllaHientafy LitirBry. Hoburt. 

VitmfciA; Public Library of VlctorlB, Melbooriw, 

WMmtn AuSTEAiiA: PubUc Library of Weslere AustnUlo, PerlU. 
Austxja; AdmlDlstrative Llbrory. Federal ChBUKllciy. Vienna. 

BSliUothlNaue Bruges. 

BRAm; Bibtldtecu Nncicitml, Klo fie Jaaiert. 

BuiflARXA; ButgarlBH laetltute* Sofia. 

BnasiAi Govemnioiit Boot DapoL, ItflnGoOO. 


.Cfcass*n^MI Dlre«ldB d. Artl.i™, y UgU.U^l6t> EHraB 

Jerft. 
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Am^Ah BE PORT ^mjlSJSQmAN IN 3 TmmoN^ iasi 


CASAUA t LfbriiTj of ParUamcat, Ottawa, 

MA?!iTOftA: Provincial Library. WtHDlpegL 
OsTAHic: Lr|tl5lat[Te Uhrary^ Toronto, 

QDEtiEc: r*lbrnry td the Le^l&lamro uf the ProvSnco of Quebtccv 
Cmos: Dcpartmeat of InfoTiniitloDp GovemnioDt oC Cef ka, Cgktnbo, 

Cailc: EEbliotem NacloDiil, Snutlaeo. 

Cuitsa: Mfoiatry of fTdluoatEon, Nutfoaai Library, NaiibEa^, ChlDa.* 
KatlonaJ library of Pelpkfi* 

€€^umu^A: Bl blloteca ^EaclotuiL 

€osrA Bjca; Blbliotooa KaobaaL ESim J 094 ,* 

CtTEA; Atlal^terio de Estado, Canje rntomacEoirnl. HabnnB. 

CxECDoatovAbiA; Blblloth^iuc de Nat Iona ]&, Prdiiua. 

DEjfUAiiK: Inatitut Danolis dea ^changes IwtoraatJooaux. CopeniNi^eik 
Roxn^t Buroim de& PahllcaiJon?, aitnlBihre dea Flaancaa. Cairo. 
riNi^Nb: ParllanioataiT Dbrary. Oolslnkl, 

FraNcx: BlbHotlieqae NdtloDfllo. Parta, 

Genu ant: OffQQtlk'be WEsaenschuftllehe Bihlotbek, Berlin. 

ParEIameatary Library, BonrL 
OaPAT BaiTAi^: 


Ettolaxo: British Musettro, London- 

LQPTtiflTc l^ndoa SolHMtl of Economlca and PoUtlml SdetiL^. (Uepoaitory 
of the Londoa Conaty OoancrUr) 
iltrTGAnT: Ubrnry of FarllBmcntH Budapest 
Ltpia: National Library* CulciiEta. 

Central Stratarlat Llbraryp New DoUii,^ 
l?TM>jfESxA: ailnUlry for Foreign Affairs. DJaknrta. 

Iwcunp: National library of Irolflod. INiblln. 

IflAAm,: Coverninent Arohjtea nnd Ltbrnry, HakIryiL 
iTALT; lllniaiorlo della PublLcn lalruKloDc, RomeH 
Ja?aN : National Diet Ijibraiyp. ToltycK* 

Msxrw; Sccreturln d« Rt^lacJoues Eiterlores, I>eiiartimi«ita do InfomuiclOn para 
el ETEmnJero, Mexico* D. R 
KxtHininAicos; Boyal Library, Tbe 
New Zy^ALANU: General Aaavmbiy Library, Wellington. 

Noe^at: Gtenrlksdcpartmenteia Bibllotbek, Ode, 

PEEtr; Seccifin do Prcpapannli, y Paimnaiclonwi, UJobterlo de Jlciadoiio* Ei- 

terturea^ Lima. 

PumiTiwRB: Bur^nti of Pnbllc Ultrarles, Domtrtmcnt of Edoootioa, Ufanii^i 
Pou.'fo; Btbllotb^jue KatlonBt^ Warsaw, 

PoanniAL: BtbDotorn Naoionnl, XJatmiL 
BrAtK: Bibitoioca Naclocai, iraOrld, 

SwEDtif; Kuu^lEpn BlhllotekeE, stockbnlm. 

Sn'mmruixti,' Blbttothd<iDe Cefitnif# rdtldrale, noroe 

"*' EnjfrtThMr; Mjal«try of Edocatloo. 

UJ«o5t or South AiTuea: State Lthraiy, Pretoria. Transvaal 
Utsiwor ffOTiirr a^LtarRcFtniuM; All-Unfon Lanin Library, Mwuw 110. 
U;.rm» Natioho: Library of the United Sattoas. Oonevo, SwJtaanand 
Dbobuat! Oa elna de Uaaje Imeruaciuaal dc PiOillcBcliiurs, Montevideo. 


' A^rTdo^a" t«*maclaaA, 4e Pobllcrioo.* 


■ RmltH iwo If ts. 
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VEXZ2:uxiJt: Blbliote^a Kftcion*!* Caracas. 

YlKlotgLAiTA: BLIiIlograf&kt InstlLat, Btlera^a" ■ 

Df^aiTOHIEB OF F&KTlJa. JllT» 

AFtsMAi^iflfTAS j Lititary the Af^aa Aca^iemy* KabuL 

ANGLa-^VFTiAK J^t/DAX' OurdoQ ^]eiuDrtaJ CoU^, Ktoortounx'* 

Baum; BlbUoteca del Mintsterlo de K^eloota Exterfomy Ciilio, La P«x 
Bea£ix: 

AD^ab JDlrectorJa Geral do Ei^Eatlstlca etn MInaa» B&lJo HorS»cinti.\ 

Bamsn Guiaxa : QDvemment SiHriretory'a Office. Gwrf^etowii. Dom^anu 

CAiTAIlA: 

ALwafTA : Prot^raclal Llhr®ry+ Edmonton. 

Bantsu C?aLLMiUA: PjOflucial Llbrnry, TlctorLi. 

Bau.^awrc^ j Loj^ialntlFe Llbmryj Frederfctoix 
MEwraY 3 nuiiA-Np£ Department of I'rorfnuial SL Xcilm''fl.- 

Nova ScimA: FroTindoi Secretary of Nora Scotia, Halifax 
SAaEAfrEcwA^: LoKl^itatlve LLbrary, lloj?liaa. 

DojUMOAit Mepublicz BibUoteca de La UPlvonsldod do Santo DomlDgci, Ciudad 
TruJUlo. 

Ecuados; Bfblbteca NaclottalT Quito. 

Bl SalvaeOs : 

Blbllolecft Xaduoal, Sou Salvador. 

AlloEatorlo do RdacloDca Ext^rloros^ Saa Salvador. 

Gecece ; National Library^ AUioas. 

CiTATEifAu: BlblloLoon Naciemak OtiaEcaialA. 

ILAm; BlblloLb^uc Nnliuuale^ rort-QU-PrlDCx 

HoxDoaAS; 

Bibllotecs y ArcblTO Xacioaalea, Tcgucl^lFX 
MlalaterEo do Relaclonea E^terloroB^ Tegucigalpa. 
kEuetn: Natlotiiil Library , Reykjavik. 
l^XtlAZ 

Bikak AKD OkiauA; Be venue Deparimeui, Pataa, 

BouEAr: Undorsot^rctary to tbe GoveruiDeat of Bonibayp CoDE^al Depart¬ 
ment, Bombay. 

Batted Phovincks or Aooa akd Oudb : 

Ualvoralty of AlLBbnbad, Allababad. 

CivU Secretariat, Council Hoogo, Lucknonr. 

West Hx^fOAX: I.lbrtiry, West Bengal LegiKlatlve SccreEftrlnt, Aesemblj 
House^ Calcnlta. 

ljtA?r I ImpeHal Ministry of E^uofiilciiit Tehran. 
iBAq^ Pobllo Library, BsghdaiL 
Jamaica r Colonial Secretary, KlngEtoa. 

BoEvernlty OoUege of ibo West ladles^ HL Androw*. 

Loeckia; Dapartroeat oC State^ Monrorla. 

MAUkYA.% Federal S^cietarlflt. FedernUon of Mnloya, Koala Luinpur. 

Malta: Mlniister for the TTeanoryp Yallcta. 

NtOAOAoUA; Miblatorto do Belftclonca Exterloro^, Managua 
Paxibtar : Cblef Secretary to the Gavoriimeiit o£ Punjab^ Lahore. 

Pan A ska: MlnlflEerJo do Itetndones Extetiot^y Rnaams. 

Faaaooat: MiniaLeiio de Relaclooot Estcriorea, Seccldn BlbUoteca, Asunetdn 


'CluiDgMt fTiazn Mlnlit^ d« l^acatl^ar 
^ Cba njt^ from Br[mrtiD« 3 t dt Bofoe Affklm 
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BooTiAz^D; Knllottal Library ot ScoUfUtd^ EcUiibni^ti, 
i Natknal LEbrorj, BaniflEGb. 

Skvo^pokc: Chief Setretarr, CoreraiDciit SlcsBiMJre. 

Vatican City s BlbUoteca ApciatoLiea Vftticana, Vatican City* Italy. 

LSTEBPAliLIAlfEJ^TART KXCniAKGB OF TUB QmClAL JOURNAL 

There are now being sent abroad 85 copies of the Federal Register 
nnd 92 copies of the Congrcsstotisl Bccord> This is an increase over 
the preceding year of 2 copies of the Federal Kegister and S copies 
of the Congressional Rccovd. TJ^e countries to which these journala 
are being forwarded aie giten in the following list : 

ari'WCTOFESES gp co^a[t£esio:fAL bscghd akd TEUtEmsi. REofsrita 
AaG£?iTTarA: 

inblLdtecfl dd Cangrea^ NacloELAl, Bu^noa Alre^, 

BlbLlGtcm del Poiler JiiJIcLul, MEado/a/ 

cantata lie Di[iatadoSr Oflcloa da lafarciinclGn rarnazuGntArLB^ Buenos Air^. 
Boletln OUclal de la Eepdblka Ara^nUhai MilU&terlQ Jnstlcm e InsLruc- 
Cida PObnca^ Boi^dgs Aires. 

Avetbaua^ 

ComiuGTiwealth Parllameat and Xational Library^ Canberra. 

Xew SGtjrn Waleb : Ubrary of ParLIameiit of N>w Boutli Wales, Sydney. 

tlCTEEffiiiLANb; Clilef Socratiiry'a BrlsbaneH 

VVksti^en Ana^tLAiiA ! Ltbrary of ParUement of Weatcm Auatralla. 

F ftA^l T.; 

BIblloEsca ija CamcTs dos Doputadof), Klo de Jaaelra. 

Bccretaria d^ Pwtjldeacla^ Rio de Janeiro.* ■ 

AMAzCf^AB: Archii'o^ Ri^blioteca e Imptensa PiiblJoL^ Manbas. 

Dahja ; GovsriLELdut do Estudo da BsbJa, B^o ^^Ivadijr^ 

EseiiuTO Ba^^toi Pri^fdoncla do Eetado do Espirlto BaatOt Victoirla. 

Bio G kAnde ikh t^uL: Inipreiuia Odctal do Eatsdo^ Porto AleKre. 

BiChf-WES Clblloii'cu Publica do Bstado de S^n^pc, AracaJO. 

Sad FAmAi: Impr^oM OOclol do EstadB^ PbhId^ 

[^arrjs^ Bdndueau ; ColonlDl S^cretary^ BeUzo+ 

Caj^apa : 

Library of Parllaineot, Ottawa. 

Clerk of the Senate, Hoyles Of ParlSaniocit, Otlawo. 

Cbvlos: Coy Ion aiiniitry of Dyfonac and EiLernaL AfLdri, Columbo.'* 

Cfua! 

BiblEntem d^l CapItoUD, HabaDa, 

BlbUoteca Fiibllca I'uucLiuorkitia, Unbaiia,* 

Hin^ of Ropros^titatlres,, Uabuiui, 

CEEcaDaLovAiiiA: Llbrnry of the CiechosJovok Nattoiial Assembly, Prague,* 
Eoyer; Ministry Fofolpi Affairs, EgyxdlAa Ooveroioentf Cairo/ 

El SALYAtioa: Llhrary, Natlotml Asseiubly, San Salrndor. 


atgtit^f oolr. 

> CdDiOWlOhll necard oolf. 
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BlLiUotb^iiQ Assemlit^ Katlouale, I^ftrts- 
UlbUothNue ConseJl dc \a n^pabUqM. Pciris. 

Library, OrgnnlMitloii for Euroiwaa Eeonomtc Cooperntloa. f""*- 
Ptibliuaes de I'lnstltuto de Droit Coinpnrfi, UuSvefsilf de P<irJfl. 

U(««arch Depart UKfflt, Copncll of Enrupc, Stmataiiris. 

Service 46 la Docutneuiatioa fitrnugftre, Asscmbl&s Haitondte. rorls. 
Oesmants BlbUotci! dcr InstStuts ftir Weltwirtficitaft ait Her Ualversitllt Kiel. 
Kiol4Vfck,^ 

ArcliSTp Doutsclif-r Biittaosral, Bona," 

Dirt Baprrls^he Ljipdtne, Munich/'* 

DcaljPChpr tuindemt, BouP * 

DflnlSTLber Bnnacstaff. Eoaa/ 

Gweat BftiTAlw! 

c»f CflBiiaonS lAll>Tnr3r, Loadaa." 

Frlateil Llbrarj of thP Foreign Oftktp LoadoiL 
Itoynl InstBut t>t IntennitloTial AffnlrOp LondoiL."' 

Gaixce'; BlWtiitlitqne, Charabre des Dtpulfa nell^nlilllc. AtbenA 
Ouatcmai-a; ItiLllDie™ de la Aaarablea LcE,-lslativa. GuaU-ninm. 
llAin: lJilillolb6iiiie National®. Port-nti-Prlnce. 

UoKDcaAs: DlMlotern del Cougrese Nadonnl, Teguclealtia. 

f!*P**' . . • 

Civil Secretariat Library, Luebnow, United I rovinoea. 

I&dtan Council of World Affairs. New DeibL* 

liegl Kin live ABseinbly Library, Ldeknow. U»Ued Provinces, 

Ijejnisliitlve Doiuirtoient, SSenlo. 

PurliBfDcnt Library, New Delhi.' 

LtwESiA: ProTielonnl Pnrllanicut of flasit Indofifflln, iloonsswir, Celebes. 

tch ; Dali ElrpOPP, UublllL 
Italt: 

BLbUoteca Cntnern del Deputalt^ Roine, 

DllillDteca del Senato della Republi™, Rouse. , „ . 

Eoroiwiiii Office, Ewd and Agrlculiure OrjsatiiMtloti of ibc Dnlicd Nation*. 

Rome." ^ a- Tb ■ 

International Institute for fbe Dntficatloit of Private Lnw. Rome. 

.lAPAiit Library of tlie National Diet, Toliyo. 

***^WTeccWn Gcnerol Informiiciaii, Secrelarfa de Gubemacldn, Uealco, D. F, 
Bibllfttoca Beajflinlb Fratiltllii, Ble'iicOp F. n a _ 

SSlaeALiEiiTi; OubernadOT del Estndo do AyuaMallentes, Apiascallcntia. 
CAJiPscunt Cobemador del Eetado de CfttniKcHe, Cani^lie. 

Ojuapab: Oobernador del Eatado de Chiapas, Tuxtia 
CJiitlVvntlA- Oobernadof del Estado do Cblbunbd*, CLlbuahiM. 

PerlOdleo Ofldftl del Estnde de Coobnlla. Palacto de Ooblerao. 

SaltUlo, 

C<FUi£A! GobflfiiRiJar del Estado de CoUmai Oollmt. r% ^ 

; aobeniadoc CdOBUtuclarml del Eslada Damogo. Duran^ 
Gitai^ajuato: geerfJiarfa Gea&ral de Odblerno del EsladOp GnwmJuatOe 
GuEBJiiao; Goberaador del Ei^tadd de Gu^rrerop CbUptiButflEo. 
jALtES^: BSbUeteca del E^tudOp Gnadftlajafa. 

LowEB CAuronsu: Gobemadar del Dlfltrlto Xortep Ulcxlca L 


tt Ttmrt 
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Atmco—Contljiti&d 

MixluD: Grteettt Oobtemo, Toloca, 

MicbdaoAn; gecrctarffl G^ncrqX de GoMerufr dtiL Estfldo tie Mkbo&cdiif 
Morelln. 

arottELOfl: Fulado d# Cciblemo, CiiDmavaciL, 

NATAEit: Gobemador de Na jaiit, Tepk*. 

^'ut:vo L£6 jt: BlbMoteca dH Esiada, Montcrney^, 

Oaxaca t Perlddkift Odclalf PaTaola de Ginblcmo* Oaxa^. 

PnEBiAt £3ccretarfa Gcnarat da Coblcrnoi, l^ebla. 

Quk&^tabu : Sacrclarta Geocral da Golilairaii, Sccddn de Arddvo, ODeratara 
Sax Ltna PorosJ: Ccngrcso m KEtado^ San Lnfc§ Fatoaf. 

Si!nam>a : Qoberuaclor dal Kalado de Sinaloa^ CitlEacUn, 

SosoftA; Gobemador del E&tado do ^nrpm^ Hermoglno. 

Tailaeco-: Setretarfa do Gobleftje^ Se!?siOn Sa, Rjimodo I^ronea, VJHatermoaa. 
TAiiAiri4PAa; Socrotnrfa General de Goblorna^ Vlcterta, 

^^sCALA: ieerctarta do Goblemo del Eihtada, Tlaxcnla^ 

VEiACHita: Getberuador del B^iado do VereoruK, ^epartumeoto de Gobor- 
nflddn j Jn^tlclQK 3alapa. 

TfUcATAjS: Gobemador del Estado de YneeMDr lldrida, 

NcmErAuLHiie: EonlnkiiJhe Glbllotbeelr, The Hague,* 

Nkw ^calai^d: Geoeral Aaseiobly Uhrarjr, Wellltigton. 

N<afrAT; Llbmry el tbe Nonregian Pa filament, Oslo. 

PAKJETAif; Ptinjub Ijeglalatire A^nibly DeparEmerit,^ LaEidTo. 

PtBtr: C&Eiiara da OlpuEadoa, Ltnui. 

Poland; MinEKfi^ ot JusUeei Wuraiiw.* 

PoimroAL: SetTeterlfl de Aasembla NatlonaV lisbcm.* 

Switzerland : BibHotb^nOp Bureau IntematlenaL dti Travail, Geneva.* 
Llbrarjp United NutlonSt Genevft. 

Intcntii|.lebal Labo^r OIBdei Geneva.^ 

Usjoff ojr Sotmi Afiuca; 

CApfi Of Good noni; Library of E^Bojuent, Cape Town, 

Tbansvaal: State Library, Pretoria, 

Unmif or Sm-iET Scktalist iLm^aLica: FundfiiDentarnli& Elblioteka, Olh 
flhcbeetTcnnykb Nanb, Moscow * 

Ubuocat: DIarlo OfleiaL Ciille FlorLdn lt7g, Montcrideo. 

VE«fjtPRLA! Blbllotoea del Congroflo, Cnrnros. 

FORBIOX dClEKCTES 

Exchange pablicotiona for addresses in tlie countries listed below 
Hre forwarded by freight to the excbaiige agencies of those eountricSp 
Exchange puhljcations for addresses ia otliet couBtrics are forwarded 
directly to the addresses by moji. 

Liar or AiiicMciEn 

auartclAi Austrioa Nallonnl Library^ VleFinii, 

Beloiuu ; Service dca febEmgea InterEhatlommXp BlbllE^tb^qiie ^yoic de Belgique, 
Bruxellea. 

UffiPTA; BoreHii of latoraatfonnl Rxebange, Natlonnl Centra] Library^ Nanking.* 
Gkecboalovakta: Enieau of lacernntloim] Hxchaiigeap NaGanal end nnlveralty 
Library, PriEOPr 


^ ifwo capEn. 
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DKNWAJtK: InBikat Dun^ls dc^ ^tieingiea InterfiflUl^iMiix, BibtiotLiH^u-c EcjtiI^. 
Copenho^cD K. 

KnTT'T : OovernDiGDl; Trcsa, RulAtlp Cairo. 

Fi??f#A?fPl Del^atli^ii ol tho ^leiitlttc '3*clctIos of Finlajidif KaslTLigotan 
HelKlnkl. 

Service dea £clianii^ IntornatlonaiiXp RlbUottiCfiue NatiOPalOp Rne 
dc Rlelicllcn, Pan*. 

CiLftMATcT; Not]^ciDcLiiaclulft der Wtfii?&nBchaft, Bhd GfdcabcrK. 

Grkat BftiTAiji APTD Ibelund: Wtelilon A Wcatcj-, 83/84 Berwick Streetp t^niJonT 

W. 1. 

Uusoaet : H[i]]^rlaQ Llbm rlcs Eojird, F-eronct^ktere IS, HodapeHtp ■ 

Ihpia; Sv|M?rSiitoiidei]it of Oovenupfient Printing and StntlonerYi R^imbay. 

lmm:yE 3 iA: Dcpnrtmeot of DoLttirnl AffaJra BJid Edncatlan^ Djakarta. 

Isbaxl; JowIbIi Natlonai aihd Unlvorally Ltbraryp Jcrtisalcni- 

iTXLv: umciQ degli Scambl loiornaziooDli, deDa I'ubUcft Instruiiane, 

IlniDH. 

JAPAS: Dtviaiol) of InEQmntiolMil Affairs* Natfotinl Dfot Idbrary, Tckya. 

NETTreatANns: Intertuiticiial Bacbange ilnreau of ihc NetherliiLDda, RoyiU Id* 
brury* Tlie 

New Soirrii Walei^: Public Library of New South Wales, Sydney, 

New 55rJtijtKD: General Aasembly LibrarTi Wellington, 

Noewat: SierTice Norv^glea dea fidiafigea iBlcrnaUcmaoST BJblloUi^luc do rtfal- 
Teralt^ Roynlc, Oslo. 

pjiiLimwca : Bureau of Public Libraries, Deportmctit of Education, Manllft. 

pcMLAiia: Service Folouala des £cbaogea Intematicmaox* Blbllotb^tiQ NaElofUile, 
Warsaw, 

PosmioAL: SeccBo de Trocaa IntemmclonalB, Btbltoteca Naclonal, LlHboti. 

Qi 7 EEa'sL.\:TP: Bnrfrau of Erebangoft of IntematlonRl l^bllcalions; Chief Seern- 
tary'a OIRce^ Brisbane. 

BcuA^La: Mlolst^ro de la Propngando Natlonale, Scnilce dcs liclianges Inlof- 
rniMonQitXp Bpebnreat* 

Soutu Attstoaua; Eontb Auatmllan GoTommenl T'bccbtapjs Burean^ Qfwern- 
n^on! Printing and Stotlonery Office, Adolaide. 

SrAiS ! Junto do IniercarnbEo y Ailunlslclda de Ltbroa y Eevistna para RlbUote- 
eaa PObllcfiSp Ulnt^terlo de Edueoclda Naclonal, AvenJila Calvo Sotelo 20, 
ftlii drill 

Knngtlga Blhtlotokel, StacfehoTni. 

SwiTSBEiAftn s Service Sniase des ficbnnges IntematianntiXt Blbllotb^ne C^ 
trale Palala FVWldrnl, Eu*mc. 

Tasmania; Sgeretnry of the Pfemlcr, HabarL 

TniitFT; HEntstry of Edocnttoii, Departfflciit of Printing and Engravingp 
Istanbul. 

^HioTT or Sooth Atbica : Goveriaincnt Printing and Stnilonerj Office, Cape Town, 
Cnpe of Oiuid Hope. 

Usio:^ OF So^iCT SooAUeT Rkppbwos : Bureau of Book ExcbangCp State I-onln 
Library^ bloscow 19. 

Victoria: Public l-lbrary of Yictorin, Melbourne; 

WT.mTXi^ AosTBAixv: i'uhlle Library of Western AttatraUBi Perth. 

YuooBLAnA: Blbllograf^ Institnt FNRJi Belgrade. 

Eespectfully subiuiltcd, ^ ^ Willl^ub, ChUf, 

Dr. A. TVEraoHE, _ ^ 

SviithsoniiiTt 
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Report oil tlie National Zoological Park 

Sib: Tratismittcd herewith, is a rct>ort oa the operations of the 
National 2ooIogical Ptirk for tho fiscal ^ear ended June 30,1951. 

During the year 1,763 individual animals were added to tlio collec¬ 
tion by gifts, deposits, purdiascs, exchanges, births, and hatchings. 
Among the accessions were many rare sjieciTnens never before sho^vn 
in this Zoo. The addition of new kinds of animals cnlionces the value 
of the collectiou, which is maintained not only for eslubition, but for 
i^^scarch and education, thus fostering tlie Smithsoiiiau^s established 
purpose of ‘‘tlia increase and diffusion of knowledge,” 

Valuable opportunities for research are afforded students of biology, 
particularly vertebrate zoology, os well os artists, photogi aphers, and 
w’ritcrs. Only methods of study that do not endanger the welfare 
of iinimals or the safety of the public are permitted. 

Services of the staff included ansivering in person or by phone, mail, 
and telegraph questions regarding animals and their care and trans¬ 
portation; furnishing to other zoos and other agencies, public and 
private, information regarding structures for housing animals; co¬ 
operating w-ith other agencies of Federal, Slate, and municipal gov¬ 
ernments in research work; and preparing articles for publication. 

Tlie stone restaurant building, which was constructed in the Park 
ill 1040, is leased at $23,062 a year, Tliis money is deposited in the 
general fund of the United States Treasury. The concessionaire 
gervesmeals and light refreshmcjits and sells souvenirs. 

VISITORS 

The estimated number of visitors was 3,460,400, nn increase of 
22,731 over the previous year. This was the largest attendance in 
the history of the Zoo and was probably due to a combination of cir¬ 
cumstances, such as the continued high emploj'ment in the iVash- 
ington area, increase in travel accompanying the general economic 
prosperity,and the frequency with which the Zoo was able to announce 
the addition of interesting specimens to the collection. 

Before the war, early days of the week had relatively low attend¬ 
ance, with an increasing number of visitors die latter portion of the 
week and very large crowds on Saturdays, Sundays, and holidays. 
Now the variation in attendance on the different days is much less, 
There is also a considerable increase in attendance in the mornings. 
lOI 
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Groups oiniG to the Zoo from schools in Ciumda, Cuha, Haiti, and 
29 States, soma as far away as Maine, Florida, Oklahoitia, Kansas, 
and North Dakota. There was an increase of 107 groups and 13,445 


individuals in groups over last year. 
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About 2 p, m. each clay the cars tlien parked in the Zoo are counted 
by the Zoo police and listed according to the State, Territory, or 
country fmm which they came. This is, of course, not a census of the 
cara coming to the Zoo but is valuable in sliowing the percentage of 
attendance, by States, of people In private automobiles. Many of the 
District of Columbia, Maryland, and Virginia cars come to the Zoo to 
bring gusts from other States, Tlie tabulation for the fiscal year 
1951 is as follows: 

Mury Lmid _- - 

Wa&httiEton, H. -- 23, t 

Ylnrinia__—-—-21- ^ 

PoniieTlTiiJiiii_— -CS- 0 

New _ -——1 

Norih Carol inn-—-—--— 2,5 


OWo ____^ 1. ^ 

--G 

Now Jersey__——— 3* ■* 

norldft--— —- t- 0 

—--——— 1- ^ 

CjillfornSii--^^--- 
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The cars that made up the remaining 11.5 percent came from every 
one of the remaining States, as well as from Alaska, Austi ia, Bahamas, 
Belgium, Canada, Canal Zone, Cuba, England, Germany, Guam, 
Guatemala, Hawaii, Holland, Japan, Mexico, Newfoundland, Nica¬ 
ragua, Okinawa, Philippines, Puerto Rico, some of the South American 
Republics, and Switzerland* 

THE EXHIUIXB 

Specimens for exhibition are acquired by gift, deposit, purthasa, 
exchange, births, and hatchings and are removed by death, exchange, 
or return of those on deposit. Although depositors are at Hbertj to 
remove their specimens, many leave them pemanently* 

As in any colony of living things, there is o steady turn over, and 
so the exldbits are constantly changing. Thus, the inventory list of 
specimens in the collection on June 30 of each year does not show all 
the kinds of animals that were exhibited during the year* sometimes 
creatures of outstanding interest at the time they were shown ai^ no 
longer in tlie collection at the time the list is prepared* 

The United States Natioonl Museum is given first choice of all 
specimens that die in the Zoo* If they are not desiied for the Muscura 
they are then made available to other scientific institutions or scien¬ 
tific workers* Tims, the value of the specimen continues long after 
it is dead* 

ACCXfiSlONS 

During the year tlxere were 267 accessions comprising 862 individual 
animals received as gifts or deposits^ These included an unusual 
number of interesting specimens. 

OUTSTAY tUao ACQUlSmONfl 

There were received 38 different kinds of animals that either had 
never before been exhibited in this Zoo or are such rare specimens tliat 
they are outstandiiig additions* 

One of these ia tlio Agrimi goat, “Kri Kri’* {Capra aega^rus cret- 
crisis) , a choice male specimen of a very rare nati ve wild goat of Crete. 
This was a gift to the United States Government from the Greek Gov^ 
emment, through the Economic Cooperation Administration and the 
State Department. 

A single specimeu of touenn (Rampha^im), which ia as yet un¬ 
identified, was received from Colombia* This bird had never been 
exhibited formerly m this National Zoological Park, and it is appar- 
ently rare in the wild, as well as in collections. 

Seventeen specimens of the Santa hfarta tin&mou {Crypturdlus 
Tioctivapus idonens) were oi^ received from Colombia* Tliese were 
new to the Zoo collection, and they are large enough and so conspic- 
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uousl}'^ marked as to b& ckolc^ exliibita- They have hitherto been 
coTiaidered rare. 

Specimctis of the largo Meller^s chameleon {CkamaeU^m melUn) 
were received from J, Handmiin, of Nyasnland^ Africa, These 
are rare in collections, and their sisei conapicuous coloration, and a 
pecniiariy shaped projisetion on the end of the make them showy 
exhibition animals* Mr. Handnian also sent such rarities as giant 
wingless crickets {Enyalwpsda peler^i) j quaint blesmola {€r}/pt<mys)j 
and numerous reptiles. 

A splendid specimen of the black-hertded pytlion {AspiditeE mel^no-* 
cephaltis) of Australia was rcceiTed. This is a large snake that had 
never before been in the Zoo collection^ 

The three-banded armadilloa {T&Iypeut£$ iricinctm) received from 
central South America are interesting littlo creatures not much larger 
than a good-si^ grapefruit. They are the fir^ this Zoo has ever 
exldbitcd. 

A pair of the large burrowing gopher like tuco-tuco (£7ic^^?»yj 9p*),i 
also froiu centml South AmerieSj makes an interesting exhibit and the 
first of its kind the Zoo has hud. 

Six I^ijrador lemmings {Dierost&iiy^ hud^amu^)^ likewise the first 
that have bean eshibited here, ^vere received from the Arctic Institute 
of North America through Dr,. Graham Rowley, T+IL Msinningj and 
Dr. A, D* Washburn* 

The big black-bellied hamsters {Urtcetus crufetm) of eastern Europe 
are striking contrasts to the much suialler and better-known golden 
hamsters that have become so I'jopu.lar as J>et3. Efforts are being made 
to breed tliese. None Ivnve previously b^n exhibited in the Zoo. 

Three large mouselike creaturt^ {Ma^iamyn new to the cob 

ketion, are particularly iuteresting because tlmy are used in Africa 
as laboratory antmals and are now being tried out in the United Slates 
for research work* They were turned over to the Zoo by the Army 

Medical Center* • t irr 

Three specimens of the mrely found little burrowing frog (G&ra- 
topknj» caJearafa) of Colombiu were received. These, also, are new 

to the collection* , 

Other animals that, though not the first of their kind m the Zoo, 
atw sufficiently rare or interesting io be noteworthy include a pencil- 
toiled tree mouse {Chirop&domyt tfUroide*) from the Malay Penin- 
Biila; hairy amiadillos {Chaetophractji^ ; least marmoset 

(Ualiithriic jnjffmaea) ; two of the rare and peculiar maned or cre^ 
tat (LopMomy^ irn-Aaim) of Africa; white-tailed Colohus monkey 
{Cohbwtpolyk&mtMf ); potto {Fercdkticwi potto ); brash^ailed porcu¬ 
pines {Athentrua africanua) ; young mtuidrilla {Mandr^ui apht ™) ; 
dioebill stork {ffalaenkepa rear) ; black-nccked a^an {Cygnva flwteft- 
ron>A«i); a king ruiture {SarcoTharnphus papa)-, quetzals {PAaro- 


108 AKNUAL REPORT SMITHSONLUC mSTlTUTlON^ 1^61 


mcschi^ tnodnp) ; fer-d&-lajice snakes {Bothrops lanc^of^tus) j king 
cobra (A^/a hitnnah)i Ottboon viper (Bitts gG^>amca) i Austr&Uori 
coppeiliead snake (Dcmsonia mperla) ; thei little burrowing snake 
{7*ypMops} from Africa; and coconut crabs {Birffus which 

wer& 0 gift to us from tlie GoTernor of Guam. 

Tho Army JltHdicul Centerj tlu-ough its mrious workers^ has con- 
tinued to turn over to the 2oo iiiteresting ajvhnals no longer needed 
in their work. Through JIaj* Kobert Traub, of the Eeseiircli and 
Graduate School, there was received a very fine collection of rodents 
from Kuala Lumpur, Malay Peiiiissulu* There were ditlerent 
species of the genus which included a veiy small richly colored 

rat, and a large sombi^r-colored onoj as well as oilier intermediate 
forms. These ruts are of particular interest as they are being studied in 
comiection with human diseases. Also received through Major Trnub 
were three species of the inconspicuously marked squirrels of the 
CaUogdurm group, the long-pointed-noso Malayan ground equirrel 
(Lariscus)j another of the queer little pencil-tailed tree mice {CMra- 
and three excellent specimens of the slow loris {^ydkehm 

caucang). 

E. It* Blockerj of the Fresno (Calil) Zoo^ presented two California 
jack rabbitSf which were particularly dedrnble additions as they have 
rarely been available to the National Zoo. 

Dr. Gabriel Ospina Restrepo, Director of the Instituto Nacional do 
Antropologta Social de Colombia, BogoUl, Colombia, kindly presented 
the Zoo with two pygmy marmo-^ets- These are the amfLllest of the 
marmosets and, being rare m collect ions, arc especially desirable 
additions. 

It has been possible to acquire many of these rarities for tlic Zoo 
through tho use of air transportation to bring animals quickly from 
their native, haunts, and by maintaining contacts with pereons in 
remote regions who are interested in collecting specimens. By a con¬ 
tinuance of these metliods it is hoped to bring to the American public 
more interesting creatures that have not heretofore been available 
for study alive, 

t^iEPOssTTOva uia do^dkb A,va mem oitta 
M.n cmTle;^ *1 

Acom Pet tmQ CSift Shop, WasUln^oD, D. yellow and biue mftcaw** 

AOamn, S., Bcibesda, Aid, copperbead Esake. 

Adanis, T. Arllagtoti, Va.:^ rlai^-necbed tnake, ID ccnELmoa newts. 

Alfordr Jobn K.p Sacgerton, Pa., wblte tlnj^^Eteckcd pbonsant. 

Ak?ton, Uene, D* WAOd turtle^ pal d ted tnrUe, 2 bos turtles. 

AUi^erp David ILp AVEt^JnE^toiit D. C., wbUe raLMt 

Aadersonp a. WiUloin, Takrtmia Pork, Aid, rabbit 

Animal Hcflcue WasbTn^on, D. H, 2 white klD£ jilaeooa. 

Ajctle luatltiUe of Nortli Ajuerlca, through Dr, Grolrnm Jlowleyp T* H, Mai:Lnlnff, 

□Dd Dr. A. L. WD^bnre, U lemmlugs^ 




PLATE 3 



t. ThfrfitE-eAHiiEO Armadillo itqlvpcutes t»iciNcrru$3 
Wrnm ctpmpk^vK clopetl fur isrolfiFUdu agaiPHt oiiiMui^?^. Tlic [hw^. sutisewhal 
^ irijirkKulAr^shicSd at tlie H^ht la the top of ihc bead, mul tliv ^iRhtly 

iTiiiEk^iilnr iiiuinkior ftiiddod with tiiliwifciilea la the lad, tPliotogmpti ^ 
Eniss^t r* WflSker.) 



READV FOR WAl_K1f*S 


Z Three-banded ArmadiulO Urrqlled. 

or n.e time it toCfJ.« o^iytho Up- ‘1** 

to Itio grouFkd. fPUtatogrlipb by r* ^iwker,) 




SKmujr’ft Mcpiin. 7 Pi,ATE 4 



U M;ELLER'S CMAMEeECIM ICHAMAEI^EOISJ MELLEflO. FJ^IOM NYA5ALAKD. AKHIcA 

A tfJiatiHikotfc with preheiLdltr tail jutii n hnniLike projeaHun qp the eitd gI 

the t>noiit . If call chati^ cqlor m will ai]fl nuiva Hr eves iEidepciidenlEy. 



2. tiny IN THE NATIONAL ZGOLChSiCAL PARK 

Ltfl^ striped African tree frog tA/n^lvn fomattnii Biaiiconj); ceiitar, hEark and 
peiTi frofj (£>^dre^«i ftn^orin) from ^Soiilh Ajnerien, coojiiiDiilv known the 
HTTCiw-pqiBOEi frog; iHghi, yel]ow ntelopiiK iAt^Ufp\(* iwrrTp^ crucfgtr), a ilulicatc 
trarksliic&cit IcitKiiQ-coiored frog frtitii the PannniiB j™on. (FbolOieranh by 
Kmctit P. Walker.) 
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B£tOfliTOH» ANu A^D Tumn oirrg—continniid 

Brif?. Gen. Clare Hr, Camp Stewart, Ofirn S: Rogclla parakeetfl.* 

Artuy MeiUcal Centoi-H Wueliliifitotip a O.p 3 Hiroufili Mr. HnscrSp a 

caui^Aa; tkrougli aiaj. Bobert Traob^ Hesearcb ntid GTQdimte tSiboul, 
Asiatic sqnlrrelp* largo epltir backed tree rut.* 2 Hnjub l^^^e raUp* 2 Bower a 
tree \^Tiitebead'a tree rat,* Raiiua ct^nu* inafaiita^* £7aflfljtlttru# curtierp^p* 
Cu^Jo^eiaruj wufofw#,* MolajaD ground (j^julrrcl,* peucU-talletl tree rat,* i^oncll- 
talled tree uiouaop* S slw lorl3+* 

Badger^ JurtCp lllddlebarg, Vt., ond CoetsraD, Dr. Doria^ NaUctuil Musemn^ Wash- 
[ngtoup D. C.. cortj finiLbOp* sotltbeta rlbboa anake,* leEleaa Usard,* Cumberlemd 
turtle/ false map nirtle,* 2 musk turtles,* 3 JapELuesc dewta.* 

Dalnl, Bill, NatlouEl Park SenleCp Wa^ilagtuli, D+ O p 2 copjarrbefld snakes. 
Ballcyp Mrs. H. E^pCellege Tilrkp 3 red'jiltuuldered liHwte. 

BalEojj Wu^biugtnOp D. C.. bam owL 
iUiker, Judd O., Wnsblagton, D. Q., opc^mn* 

Baker, l^lrlclap Ijike Foreatp HU rlng-neeked suoke^ 

BurlSeld, OnrUoUp Cabin JobEi, ^td,. rabbit. 

Baxter, Mr.* Wit^Llagtonp L>. (X. brt>wii capaehln monkey. 

Eelcber, James H., UeibesdEi, Md., ground bug. 

BeniXp Sgi., and Ueetca. C-p Waabliigton, D. CL, 1 «ul 
B lAnkp MjiJ. E_ U, Ft ^Ic?^alfp Wa^blngtoa, D. €., bomeil Itsard, 

Blocker, E, M., Fresnop Cntlfr, 2 Catifornia Jack rnbbLta. 

BoO^* Mrs.. Arllugton, Yn., opossuni. 

Boyle, Jobnp UI* Wasblngtou, D. d. skunlt 

Breflttian, Commander J.^ lioekTlIJe, ^fiL, grent homed owl_ 

Brown, Q. S,p Silver Spring, MtL, wblte rabbit 
Brown p Mrs, L, Arlington, Va., Pektn dnek. 

Brown^ ^[rs. M., WHabingion, P. C.*2 rabbits, 

Urownp RnaselL L., Waabington, D. €., borsesbne crab. 

Bryant Terrell W, W.+ Takomn ParU 3 crows. 

Bunnell, Miss T. J., UaltlinCTO, ^[d., myjialt 
Burltp Robert A., ArlingtoCp Ya.p 3 opossoms. 

Butiet Folrfni* Va,p opoafisunu 

Custle, Cdy, Oxob Hill, MiL, great burned owl. 

CbappeLle, Snsnn^ Wasblngtonp D. C., rubblt 

Cherry^ Zeat KearneykvlUe. W* Va.* 4 ring-necked pbeasanis. 

Clifford, Hap|>u, Wnsblnglon, D, C., blue Juy^ 

Coipln^ Dr, II, U, Wasblngton, D. d, red fox. 

Ort, Cliutles C„ Jr^ Spoltauc, WdsIl, Mwt 
Croiss, Jeuucs. nockvllle, aid., pilot anfllte, 

Drililercin, DaDicl, Xew Alcxniitlrla, Va., 2 bomcO Uznrda. 

Dunfal, It, O., Waalilngton, D. <1, albino oiXfUim 
Davis, Flojd, Wjusblngton, D. C., woodcbDck. 
de aiursoLuDdD, Vlvtor, Jr., WadUlnstoD. !>■ C., 2 bam owls, 

Dcntaam, af«. W. L., VicbPii, Va-.a tome^ Uinrds. 

DeVore. Warftn, WasliJnctoo. !>- C.. hotued Uianl. 

Dlgga, Mw. Thomas I.. Wnalilli«toii, D. C.. rabbit. 

Mllloii. aiTB. J. J., WMEbltiglon, D. C.. £ 0i»3snlii3. 
iminD, Kathleen Ohd Mlhe. WaahtnitOli. D. d, roU htn. 

Dl*, Mkb:i«1, Wnahlnfilon, D, C., pilot black siiulEtL 
DoDalloD, Mis. tl.. IVasblnBton, D. C., T hainatpr*. 

Dow. ntchord. Ailinetah, Tb., Pekin duck. 

Dnishack, V. W., Betbeoda. UO., pilot anake. 
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uKPOfirraBa Ajrp and thex& ditib— eonESnocd 

DucJittme, Leon Wa^neton^ D, sltqitlL 

Bunin p, IL Futor, 0tuj%~7 Chase, Md.p and Cllpln^ Kc^ony^ bnM 

Dtivall, Mrs. F.p Seat Fleasant, Md,, red fosc- 
EdvrardSp J. E_, Woeblngt^/a, D. C,, i red foxoa^ 

!!:bnraiitrout, Eilw., Tnkotea Parkt ajd-T horntd HiMitiL 
Baheiiboa^h, P. H., Wnsliln^toiip B- C^, Pekin duct 
Espey, Mra. U. Claj^ Jr.. Waabingtoa, D. C.p aDapplQ^ lartle. 
iCubank, Gerald Wflsbln^oii, D. C.* 2 Pektu ilucka, 

E?aBSp C. P.r Wa$hlit^OTLp D. gray fox. 

Evaua, Jaiiiea^ Green Aeres^ Bill., Pekin duck. 

Faweett, Artlinr WaahluetoD, D. com SQak& 

Fenton, Jylin MtrLean, Va., 7 btftck Pekin dncka,* 

Ftnei d B., SJlTer Sjirln^p Ml, robin. 

Fiah and Wildlife Service, U. a Department of tlio Interior, tliroiigh E. IL Atkin¬ 
son, Tnppabannocik^ Va., bald throngli Dr. Gnrdiner Bump, WafUilng^toap 

D. C., 2sDntheni Paclfle BUPJitup hens (galllnnle); througli Huri'ey O. KdwardSp 
Ely, Net., 3 wcateru bobcats, 2 pLinaaa; tbrougb Ternou Kkeiinlilp WIIIowSh 
C hULp B enckilDR ^eesep 4 lesser snow geeSCp whistling swan, pintail duck, tufll- 
Inril duck, 4 snow eceso; Uiroti^h Pntnxent WUdllfo Besearif!!i Rrtlige, LaoreL 
aid.p C pairs bc^wtitte iiuallB, 2 palry. rlng-tiecked pbeat^anta; tbmngh Leonard 
Llewellynp 0 copperhead snakes: tbroojjli J* W. Wollley^ Orlonda, Fla., BT 
black-bell led tree ducks; Brunch ot Gf^nie Madagecuent, WciKhington, D, a. 
whUthng Bwaiu 

Fisher, Charlie J„ WaahlngtoDp D* C., alligator. 
riBber* F^ B-, WaBhlngtoiip D+ C.,, 2 Cumber Land turtlML 
Fisber* Mre, J„ Alexandria^ Vu,, Pekin duck, 

Foster. Mrt,, WaBhington, D. CL, white rabbit 
Funk. David, Bethesda, Md., blaek^wldow spider. 

Gnntt, A- E.p Arlington^ Var, yellow^haadefl parroL 

Gattl, Mrs. S, WnslaJngton, B. cunary, grass parakeet, y^l>rn fluLh. 

Gavpr. Gordon, ^nnnonti Md,, 2 hog-noaed anakca, rainbow boop* coral anakoT* 
2 tegu Hoards,* 3 Glia naonsters,* 2 tlniiber ruttlcsnakesp* copperhead Hifiake, 
2 fox aunkesp* com anake,* bull Biiake," king cobra/ g SlamDse cobras/ 0 
cape cobras/ cottonmoath/ Indian rork pytkon/ resal pytboci/ 2 boa con^ 
strlctonip" Mexican water moccaBln/ mangrove anakOp* Gabooc vitier/ Jaran 
inacague.* 

Qebhardt, Blcbara J.i Arlington p Vo., Amerlcnn crow, 

OelBlcr, Lloyd 0„ Wo^ilnglonp D. a, horttad tlsard. 

Geletnerp Mr,, WuNhlnglonp D, C., 3 ctmarlea, 

GLUogly, 0. O., Wushlngtoo. D. C., ftilso chameleon, 

Gladdiiig, Robert, Washington, D. CL, Holbrook king anake. 

OolUtn. John IL. Washington. D. C., I'ekin duck. 

Grnbnm, Brig. Qen. Wallace H,p W^asblngtoop D. C., arlel loncan. 

Graybill, Cabld John, Md., 3 Pekin dnck& 

Greek Goremment, through Economic Cooperation Admlnlstratiou and State 
Bepartraent, Agrlml gonL 
Green, AosGn a. Groelibelt, Md„ suowy awL 
Qnesnn, R L-, Arlington, Va., 3 goldtfn-mantled ground FuinJrrels, 

Grtdln, Mr, and Mrs. Roy B.p Silver Spring, Md.p rabbiL 
Gnffj* Pnt, Washington, D. CL, box turtle. 

Hamlet, John N.p PritchardvtRo, s. O-p king Toltore,* 2 hairy armadillos* 
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DCrtSltORfl AND A.'fD TllEl* OUTH - CDOtlDUfid 

j. l^-t ^Cyasahi na. All lea. liifiiT€?d-ba^aE torlwlse. puff adder, filaat 
crlekots, MeUeif'* ebmucle^Ut blesm&la 
Uttnscyn, Clia5,s AJeioodrlrt, Vfl,, ciinin kln& snake. 

HiirriB, Mrs. E. C., Fnlls Ckureh^ black-widens Kpldpr. 

Danis, Frank U. E., WaslilustoDp U G., liultJjrrid moukvf. 

DarrlE, L, Jr.. Wfisklngton. D- C.p rreat korued nwr * 
niiTrls, Lester B.. Jr.. Takqmn Park, Md.. 4 timbep rattlesmskes, 

Elarria, Mrs. L, H,* Wasblngton. I>. C„ 2 Elarlin^ 

Dnlliawaj, n. h\ Stiver SprSn^p Bid., IIQ ba toiateTs. 

Hiicfiler. Oirrlep West Rendlfi}?, I'a.p yellow-anpea pnmt, 

Henderson. K, S., Jr.» H. C.. 4<rbEpmEiika. 

DtKgliLK, Eiully^ KeiiBlnj^ton. Sid,. Pekin duck. 

EIIL C. G.. ButlieadQ. 2 homed ItEttfda. 

Dope, A. JLp Washington. B. rahhlt 

Hnpkina, P., WosMngton. D. €-, 8 alltl^Rtoran 2 Gnniberland tmtlea. 

Hopwood^ llinTnao, SIcLean- Va-, 3 hemt-d lEaardA 
HoTre. E, Falls Cbureh^ ^"0.. mcCOdO. 

Bnj-er, him. Ed^ftr. KeJialns:tont Md., 2 raecoon^ 

HuinberU Knj. BiiEitlB. Fla., 4 flant nnolUi 6 anqlla (sp.) . 

Dumphrle?. Itej, Ck>Tingl&ti, Viu, 2 hloek raccro," 2 snllk finates.* 2 com snake*.* 
fi Umber raEtlesnnkes,* corn anafee. S water soakcu. 3 garter snakes, 
niff. E. Gr. niinn Liprlnfi, Va,. hof^nased anoke. 

InfnnUle Parulr^ls Fotiodatlon, tbrnn^ John N. Hamlet. Jaraa maeafinc. 
IngbAin, Rem, Raffln, N. C., mangahej.* agoaU,* palm civet.* magpK” ereen 
lUBCflWp* hlnc-frentcd parrot^* 3 ^bm finches^” 2 tftcomlsilca,* 

JcUisoti^ Dr. W,i Federal Scenrity Agency. Hamilton. Mont., mbber twftT western 
ho tt snake. 

JTenctie^ Mr. and Mrs. E. K., WiiAhlaglon. B C.. dlumondhack turtle. 

Jenkins. Jimmie. Arltneton. Va.. garier snake. 

Jenkins. MnrdcMrk, WosblnirloD. B. C.. bull frtig. 

JDfisup, Q. L.. WHsblligton. D. C„ 2 pUot snakes, 

JnbttJ Hi>pklrLs School of Hygiene nnd Pabite Baltlniore, Md.. tbrongb 

Dr, A. Howe, 7 cblmpauaef^-* 

JohoaoD, Ml and Mrs. Q, R.. Wasblngton, D. G,* homed Uiard^ 

Johnson. J. R., Washltigton, D, G. bald ea^le. 

Johnston. Mrs. Morgan, Wnsblngtoti, B, tuockingbirC 

Jolley. Edward M.. RodtrHlei Md.. pilot snake, rattleanskep black snitke, pilot 
black snake. 2 gray foxes. enpp^rboBd snake. 

Jones, Mrs. G, Waeblngton. D. C., Pekin dnek, 

JoDDB, W, J.p Wiishlnidon, B. G+ mbhlL 
Kanot Lorrntne, KensSogton, Met, Puktn dack+ 

BEdweU, Guss. I>avid Tnjrtnr Mixlel Baslh. Gnrdercck, Md,, copperhead snake. 
Kins tier. Wiru A.. Baltimore, lUU 2 alUgntorB. 2 snapping tnrtlea. 

Kremkon, Omcr G., Bethesdn^ Md.. black anoke. 

Ijichoj. Horry X. Brookmunt. Md^ skunk. Pekin dock. 

Langford, STeven, Woshington, D. C.^ laiwk turtle* 4 bamstors, 

Chfifles R, Alexandria, Va., worm annkc. 

Lease, A, W„ ArUngton, Ya., 2 rnccoocis, 

Lcebrlekp Fmak, WaBblnitoD. B. c^josatlm. 

Leigh. J, F., WiLshlngton. D. C., rabbit 

inewia, LL Gartier L., Medical Gerps, O. S. ^"avy* t hamstero. 

Llebert* John G.. Betbeadn. Md., rabbit 
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DEFOEITOflB ATfD- DO^^DHS A?CD THELU 0IFTB—CUlrlll DUet! 

LoL'kD^ ll. L.p Wasbin^oDp D. C.i hamBd 
LamaXp E, Q^n Fftds CHircUp Vti., -I Vekln ducrke. 

Lumpktn, IL 11., AunapoIlB^ Md,, klHdf^F^ 

Lyucbp I'MIUp? 1*.+ Falla Chutdl, Ta., 2 FekLo duc^ka. 

W. T,, Arllit^ciUp Va„ Id timistera, 

MarKliall, QUs, Washln£tOfi+ D. O., 2 rabbits. 

McOirjp atra.T Wasblngtonp D. C-p £ groj aqnlTrela, 

AIcDonaLdp Jnnicfip TYofililnsloji, D, C, box turtle. 

Mclnitea, J, S„ Ituki^b, h'. C.p 4 Caneda 
McKbi[ir P. K, Lieilteadn, Md.^ coiTi^irbead innate. 

AflddlekMafT, A. I., Waablngton, D. <L. 2 ffray squlrrala. 

Kii'lineth, Whoa ton. Mil., btQwn water annke. 

MlIlE^Fp Bonnio and Kennto, SKlvor Spring, Aid-, Ford, Bobble and Jackie^ and 
CoaerlB. MnrLo ond BonltOt Wheaton, Md., bog-nosed emake, Blanding'B taitla^ 
MlUInghacip Etalne, ArUngtotJ, Va.p eastern skank. 

Milne, Robbie* and Booman^ Beane, Belbewdfl. Md., boi mrtlcp snappLag turtle, 
Monuban, J. P,* Falla Cbtirrb, iiioDr[i[Dg dove* 

MoneinlTij'p Clarence* WaBblngtoa. D. C„ great homed owl. 

UoitIs, B. H., WfiHhIngton, D, C., oposaum and 10 bablE?a. 

Morrison, Sira, Westmoreland HUla, B. C,+ Pekla duck. 

Mountp TiVilllain, Indlanbead, Md., marbled salomBiider, 

National Capital Parka^ through Evan A. lln^neB and Robert Sbepberdi^ Waah- 
Ington, D. 0.1 blaek-trowiiod night heron. 

National Park Servlee, throogh A. E, Demamyp Director, and Edmond B* RcgerSp 
Yellowstone Natlonat Park, American elk; throogb Arthur Fnwcelli L.nmj', 
Van c^jpiierhead snake. 

NebeV John, B., Silver Bprlng+ barred owL 

Neveap ifieuxla Ferrelro^ Bmriliaa Embassj^ Waahlngtonp D, d. copperhead 
Ehake, 

Newcomb, Mr. and Mrs. B.^ Arlington, Vo^ 2 opo^unm 

Now York Zoological Society, New York, N. T., Australian tiger snake, AnstmUan 
red-heHEed black anake; Anstrnllan copperhead anake; tbrongh Erayton Edd>% 
6 fer^e-Innee ^nnkco. 

Qrr, Sira, O- G,, Wn^iblnetoiip B. G.h Pekin duck. 

O'Sheftp Chad, and Eaater, William* Alexnndtla, Va., chicken snake. 

Page^ John C.p Washington, D. C., tarantula, 

Parleerp AWasblngtcinp D, C,i 2 Pekin ducks. 

Park Police* D, Cb, Wnahlfigtoti, B. C.^ Pekin duck 
Paitlling, Juhn M.* Fails Church, Ya.^ hrowa cnpncliln. 

Pecies* Mrs. Tjrna, nyatta^ lLle, Jtd^ rad foi. 

PerkiuSp F. S., ComptoUp iftld., block Snake. 

Peruvian Fmbaa^y, Wa»hinjd«Jtu D. C., barre^l owl. 

Phltndelpbln Zaologlcttl Society, 2 rococo toads, 

Piatlell, Cliarles* Wnshlngton, B. C.*2 hauisters, 

Forterp a E.p Washtngtoit^ D. C., ^nk. 
prcRcottp John Washington, D, C-i woodtiock, 

Preaton, Jipbn H., ilt. PleasaDt^ Pa„ 3 cross foxca. 

PrivOp Marcel, Alexandria, Va.^ king snakes 
PuilJnp William A., Wasbington, D* 0^ mccooiL 

Badltieh, D-i Washington, B. Ct, copperhead anabe, B green snakesp 2 rlng-nccked 
snakes, wnter snake, garter Etiuke. 
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DEPoanona and asd tdcte outs— KrtitlKti^ 

KaBedt, Roger, WnaliingtoD. D. C, eaatera weaael,* Uj-lng aqulrfol,- a ifoo-l- 
iwckem, 

UaadDi, Ciipt. Hup, I’amiwa, C. Z., JwUow otclopua, 

RuaKr, Jobn, Coltnar Manor, Mci,i green sanke, 

Beatrepo, Dr. Gabriel Oaplna, Director, iDstnuto Nnclonal lie JiDtropoUigta Bia.'lal 
Oe Colombia, Eogotfi, Colounbln, Z rfgiiiy martuoseta, 

Rlioderteks, R. M., WoBlilDgtoll. D. C.. rabWl. 

Rlchoriliion, Robert, Ateiacdrla, Va., 2 Pekin duck*. 

Ringgold, Robert, Seat I'leasaDl, Md., red lox. 

Robert, lire. Erie. Waahlnfiion, D. C., 2 leopard ctiba.* 

BohrbanRb, A-B„CbeT 7 ClinM,M[L, spnrrotr bnwk. 

Sebnegg, I^ul, BnrriHiimUln, Colombia, 2 black-bellicd tree ducka, 2 coral snnkr*, 
a capjrbarad 

SebuKa, Theodore A„ Wasbington, D. Ch 2 eopirerbend isnakea. 

Becgcra, Scott, McLean, Va., bine jny,* 

Bt-ward, alias M. W„ Arlington, Va., 2 PPIa doekA 
SttadJe, Cebert A.. McLean, Vll„ barred owL 
Shaw, Mm. IL P., Arlington, Va„ Cblneeic mantlA 
Slierlcr, James, Aleanmirla, Vo^, T bomod Uaarda. 

Sherwood Edementnry School (eblJdreti of), throngb Mrs. Mary E. Ueffiipr nnil 
Mm. UlUet GenetU, i^ndy Springs, Md., 4 cottontail rnUbltA 
Shoemaker, Lula, Alexandria, Va„ nereecb owl. 

Skinner, Carlton, Goremor of Guam, 7 coconut ertba 
Sinltb, Tbomaa, Midiileburg, Va„ rhoauB uioiikey. 

Smith, Wm.. SUrCr Spring, Md,, PekSn dnek. 

Solman, Mary Lonise and Spike, BoltsTlIle, Md., rabbit. 

Spark*, Pete, Washington, D. C., banded krnlt,* 2 llM.-w<iirs vipers,* 2 speelncled 
cobras.* 

Sparks, Mr*. Richard, Alexandria, Va„ chlpmuak. 

Steam, Larry, Belhcsda, itd„ Pokln duck. 

Stcpbciison, Kalby, Washlngtoii, D, C„ I'ekjn dock. 

Stone, Sue and Sally, Arlington, Va,, homed Uaard. 

Stoop, Frantw, Wasbiagton, D. C„ flying aqulrreL 
Straight, David and Michael. Alexandria, Va., garter snakA 
Stripe, Mrs. Carol, Beiheada, Md., gmy MpilrmL 
Sntcr. Courtney, Wiahlagtou, D. C,, horned llsard. 

Sutherland, A. L, Jr,. Arllngtou, Va., DeKay'e make, 

Terrell, Marlyun M., Wnshlnjrton, D, C.. Pekin duck. 

Thomas, Mra. J. W„ College Park. Md., ttjluB annlrrel. 

Thome, Mrs. E. N., FuUorton, Md., white-throated capuchin. 

Tlngley, P. S., WaBbiiij;ton,D. C., white rabbit 
Trana-Lux Theater, TVashlngton, D, C., 2 lion cub*.* 

Troolnlck, Mrs, Dorist, Burke, Va., pilot lilacik annke, gnrter anake. 

Tamer, Robert Charlotte, N. C,, great homed owL 
Turner, S, M„ WoBhlngton, D, C, tortlo. 

Vann, Nina, Olftey, Md„ atunk. 

WarScld. Miss, Wftahlnirton. D. C., 2 homed liauriA* 

Warreu, O. W., I’alrfox, Va., raeewa. 

Washington, Bufford S., Washington, D, O., 40 golden honwterB, 

Webb, J, B., Bethesda, Md., 2 white rahbita. 

Weber. K. 0„ Arlington, Va^ red-beUlEd turtle. 
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DEPf>9not£S axd DOEiDBa a:id TiiELia —cQiitimiod 

Weeks, Ben BoonevlHe, Miss., 2 rit scakca. 

Wilkie, ArlingLaii, Va., rabbit. 

W]]JJajii9p Frank, WajOiingtoti, Ul C., Soutli Amarlenn opa&anin. 

WliilatiiH^ Itobert^ Jr.p WaHliln^D, D. 3 guln-eti pl^. 

Wll»Qii, J. Wasihliigtoa, B. C^, 2 ^rr-ed 

Wol^, Detroit. Illicb.i mttleannke, 3 toK snakeA, 

WrSffbtf Mrs, MarloD, Wjisblir^oa, B. Pekin duck, 

Ws'att, Waller, Waablngtan, B. canary, 2 eanary-^leklD kybrldt, 
Young* Blra, LottSe, SEtv^>^ Sbrinif, Md,, 50 gnlnea pli^a. 

ZltnmerniaD, XfrfiL Dorotli/p Arlington, Va., rod foi. 

bi^trs"“and da-tchings 


RftRrf 

lervia^, ___ 

KUert>9US^^ __ 

Boi iauru^. ______ 

£tf6aJiu &ir6a^a,____ 

Cdmfiiu l«rtrfaak*.,->_-.__ 

Crmt fatron^__ 

Cfrcopilh^fvs atih£op9 jabafu$ X C 
a, pygiryiAp«fl. 

Ccrviu nippon ___ 

Cho^ropAit _ 

Crpp(f>rnps luffardi. 

Cuntcuiu pacQ^^^ 

Dama damtt^ _ 

JjypJArocffra# paint. 

Feli^ ico_ 

Girafa camtlopaTdali$ __ 

ffydrnpoieM _ 

Luma ffiama ffuanico*^^^ ___ 

l^mn pap^ _____ 

£)eaaf4K^clfU4 romfia^_____ 

Odocinlfut rtVf iniaaut, ^__ 

Olocj^oa mffoloh'j..__ 

Papin hamadruat-^-^ ____ 

itioriifmtii X Ur tut 

tniilderidarjffi. 

VuipfMjutpa ______ 


MAMMALS 

flani 

__ 

SpMcr rnoakoy__*____^__ 

Biitish park eattle_____ 

Water bufFnJp^_,____^^_ 

EactrlAn cn»nol,^«_-_^_ 

Coyote^^-,^_ 

Hybrid gawn gueiron X vemt 
guonoD. 

Japanese door^.^.^^_ 

Pygmy hippopotamus. ___ 

Blcamol___ 

Paca-*^^_____ 

Brown fallow deer___ 

WhOe fallow deer..._„_ 

Pataa monkey^___ 

Lion__ - , _ __ _ , _ 

Nubian giralTe___ 

Chinese water dear.___ 

Cuanaeo^.__ 

Alpaca._______ 

Golden^ or LioU'-hcadedp martnoftel- 

Virginia deor^______ 

Big-ceired _ 

Hamadryaa baboon-.___ 

Hybrid bear--.. _ 

SJlvtjr foK____ 


NuaUr 

6 

I 

£ 

1 

1 

1 

1 

3 

2 

4 
Z 
Z 

4 

1 

5 

2 
2 
1 
1 
2 

4 
2 
1 

5 

1 


BlUDS 


Anoj phi]frhynchn$ ___ 

Ana^ piaf^A^jrA^X-4. p. dom^ka^ 

Bra?uo daandenvH-^___ 

CAcnapif a(rata_--^*____ 

(7aflur _ _ _ 

JV^cficoro^r fi^jr4)«rax haadii __ 

Pfliw crutoitit______ 

Tocaiop^jTta coataasfu, ___^ , 

TVgr^ama fin^ofuni-,_ _ ___ 


Mallard _ 

Hybrid naallard-Pekin*. 

Canada gooae.___ 

Black awan^._ 

Red j'unglofowL^^____ 

rilAok-cromiod night heron.. 

Feafon'l___ 

Zebra 

Ttger blttcro__ __ 


22 

2 

6 

2 

2 

16 

2 

2 

3 
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aEFTILES 



^MRUm 1IBI4I 



. . . Cnppcjfhflflii - ...... 

10 

A^kiiirodm pys^arm^^- 

CkittcDtnouth moocMtu.w--, 

_ 1 

Siiit o-'nVf^iaif- ^ w ^ - 

^ PiiU ndd^r.^. 

33 


___ Boa CDuatrictor^ ___ 

..... 34 


It is particularly gratifying that the original pair of big-earad 
foxes mefl^alotis} produced their second litter and raised 

them success fully f and tl^at three young were batched from tlio egga 
laid by the originnl pair of tiger bittoms {TiffrUftnia Une&ium)^ 


STATES or tUE COLLECnOIi 


Clua 

or 

lubt^£T«d«f ' 

ludlTfdpoli 

CUfl 

^peda vr 
Hil03mi£9 

rhJumi 


m 

791 

. 

1 3 

m 

Rbili_ .. 

3M ' 
119 ' 

1J69 

$39 

tiloUulS...... 

t 

11 





Xk^pilRB- - --- 

AmpbIblAAj ^^ 

1 Zl 

lot 

, TiAal:,- 

T» 

xm 

. . KAiHJi ■ m mad mm a a 

; 21 

m 





BmtMARt 

AnlfT^olj DD bond July -2^ S21 

AcceeaionB duiios the year__,^-,------1^76$ 


BmtMARt 

AnlfT^ole DD bond July -2^ S21 

AcceeaionB duiios the yeJir__,^-,------1^76$ 


Total uainbor of aDlinalB La ooltoction during thn - fiSO 

Eomovala for vaxIoitB feBAona such e3 daatb, e^cbAii|;eek pcturn of animali 
on deposit^ __—---—Ip 77C 


In coUeettou on June 30 , 1051 _,--- 2 ^S 1 S 


MAINTENANCE AKU mrHOVEMENTS 

In July 1550 a portion of the arched acoustical block ceiling in tlic 
largo-mamnial bouse fell^ Tlio building was immediately closed to 
the public, and tbe Public Buildings Administration was requested 
to make a study of the condition to determine the esfent of the neces¬ 
sary repuii's and how best to do tbcni. On tbair advice a deficiency 
appropriation of $63,000 \ras obtained^ and the work of repairing the 
entire ceiling was undertaken under a contract handled by the Public 
Buildings Admin istration. Most of the work was completed by June 
30, IffSL 

Progress was made during the year in repairing and improving 
buildings, cages, roads, and walks* New boar Cflge^ were built in tlie 
line above the reptile houses 2,000 linear feet of 7-foot fence around 
four deer nod mountain-sheep paddocka were replaced j tlie steel frame 
of the sllyer-gull cage was repaired and painted, and the cage was 
re-covered with neiv wire fabric; the wolf and fox cages wci« oiten^ 
sivtlj repaired; a new shelter house was constructed for the wild hog 
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u 6-foot concrete sidewalk, 600 feet in lengtU, was constructed etong 
the base of Hon-house liill between the mechanical sliops and the cross 
roads; 7,600 square feet of bituminous surfacing was laid between 
walks and roatk to pwvent erosion; 000 linear feet of cement copings 
for roads and walks were constructed; electric hot*water heaters were 
installed in the small-mammal house, roptUe house, monkey bouse, 
lion house, inecbanicul shops and Director's oflice to provide hot water 
at locations where it had not previously been available; the wooden 
park benches were estensively repaired and painted; CO table tops 
and legs, 12 bench legs with amis, and 24 table tops were cast of 
conci'cte; and a new waterproof electric cable with lamps was installed 
in the underground steam conduit from the central heating plant to the 
brgc*niainmal house. 

JTliEnfi OF THE SOO 

Replacement of antiquated stmetures that luive long since cefLsed 
to be suitable for tlie purposes for which they ai'e uisd is still the 
principle need of the Zoo. The more urgently needed buildings are : 

(1) A new administration building to replace the HO-year-old historic 
landmark w'luch is now in use ns an oflicc building for tlie Zoo but 
which is neither suitably located nor well adapted for the purpose; 

(2) a new building to house antelopes and other mediuin*sized hoofed 
animals timt require a heated building; and (3) a fiiupioof service 
building for receiving shipments of animals, quarantining animals, 
caring for animals in ill health or those that cannot be placed on 
csliibition. 

llcspectfullj' submitted. 

W. ^1. Maxn, DtrecioT. 

Dr. A. WETMoan, 

Seeretaryy Smithstmitm InstihtUfm. 


APPENDIX 8 


Report on the Asirophysical Observatory 

Sin: I have the honor to subtuit the following report on the opera- 
tiong of the iVstrophysical Obserratory for the fiscol year ended 
Jnne‘30,1051: 

Tlie two divisLong of the Astrophysical Observatory, tho division 
of astrophysical research engaged in the study of solar radJatioti 
and the division of radiation and organisms concerned with radiaUon 
effects on organisms, report improvetnciit in instrumentation and in 
results obtained, 

Dr. K. Withrow, chief of the division of radiation ond organisms, 
with a stuff of aLt research men, has augmented tlie program outlined 
in last year’s report to include a new hiocheniical investigation of 
pholomorphogenesls in green plants, under contract with the Atomic 
Energy Commission. 

Dr* Withrow’s division occupies oflices in the tower of the Smith¬ 
sonian building, with laboratories in tlio west end of the ba-'Yeinent. 
The laboratories, xecently completely reconditioned, form an escel- 
Jent setting for the specialized work of the division. 

The division of astropljj'sical research and part of the shop fa¬ 
cilities occupy a group of small structures just south of the Sinith- 
soni an Bui Id ing. Tliese bu il di ngs were this year slieatlied in asbestos 
shingles, not only to imprave their appearance but also to make them 
warmer in winter and cooler in summer. 

On February 24 and 25,1951, the Director attended a conference 
at the American Academy of Arts and 5cieiice.s, Boston, on ‘^The Sun 
in the Service of Man.” Tlio stimulating program and discussions 
emphasized one fact—tliat man must learn to make belter use of the 
energy received daily from the sun if he is to avoid hunger and dis¬ 
comfort in the not too distant future. Sisty years ago thU fact was 
uppermost in the mind of Samuel P. Langley wlien he founded tJio 
Astrophysical Observatory. 

DH'lSlOy or AFTBOPtlTSlCAJ* REiJEASCn 

Two high-altitudo field stations for solar observations—at Monte¬ 
zuma, CliUe, and Tablo Mountain, Calif .—have continued in operation 
throughout the year. Reestablishment of a tliird station was still 
uncertain at the close of the fiscal year, inasmuch as the requested 

llT 
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funds bad not been provided. Ckrk Mountain, near the Xevada 
border in soudiorn Califondii, a region whose annual precipitation 
averages about 3 inches, has been cliosen os the best evoikble location 
in North America for this proposed station. 

W. H. Hoover, chief of the division, conducted special studies at 
the Table Mountain station during October and November 1950. He 
returned to the station at the dose of the iiseal year to continue these 
studies. 

Dr. IV. E, Forsythe, of Claveland, Oliio, who during the past 
years has prepared the ninth revised edition of the Smithsonian Physi¬ 
cal Tables, submitted Iris completed nmnuscript on June 1,1951. 

WorJi in Washinffton .—iVs in previous years, tbe monthly solar- 
constant records from the two field stations have been ehccked, com¬ 
puted when necessary, and final coirections applied. 

Four reports have been submitted to the Office of the Quartermaster 
General summarizing the radiation observations made at Montezuma, 
Chile, during the year. Tliwe observations, a part of the textile- 
exposure work under contract with the Quartermaster Department 
and referred to in previous reports, were completed May 10. Tlie 
Quartermaster Department has indicated a desire to start a new series 
of studies at htoiUezuma and also at the proposed Clark Mountain 
station. 

Some years ago the Observatory developed an instrument, called 
tbe melikeron, to measure outgoing radiation from the earth to space. 
Several of these instruments have been used with fair success by the 
United States Weather Bureau and others, and it 1ms been the hope 
to improve the melikeron and make it a more sensitive recording 
instrument. Inasmuch ns tlie Meteorological Division, Chemical 
Corps, Camp Detriok, Md., Is interested in the some general problem, 
it was arranged to work cooperatively. At t!ie close of the year a new 
instrument was being assembled and undergoing preliminary tests 
and calibration at Camp Detrick. 

During the year two silver-disk pyrheliometers were built, cali¬ 
brated, and sold at cost as follows: 

S. I. No. S3 to the Gorernmeat of lornci, JoroaaleDi. 

S. L No. 8i5 to the .Ur Forw, Camliridgie Hcacntch Laborstorleo, COui- 

A tliird pyrlifiliometer was lent to tlie Badiological Defense Labora¬ 
tory, San Francisco, Calif., and three new orders were received. It is 
a satisfaction to note the continued demand for Smithsonian pyrheli- 
ometers. S inoe Dr, Abbot designed the silver'diskinstniment 40'years 
ago, over 100 have been built. Eighty-four have been sold to interested 
institutions: 3*4 are in various parts of Europe, 10 in North America, 
10 in South America, 14 in Asia and Australia, and 7 in Africa* In 


SECRBl'AIiT'S tlEPOKT 


119 


consequence the Smithsonian standui^ scale of raJialioii has been 
made available throughout the ^vhole world,^ i ■ ■ 

Dr. Abbot, research asociate since his retirenient from auministra- 
live work, continues his special studies, and Dr. HcniTfk Aretow 
continues his researches concerning solar and terrestrial atiiiosphcres. 

irorJfe in the Last year’s report mentioned the new concrete 

obserring tunnel on Table Mountain, Calif., about 100 feet west of 
the old tunnel, in which the spectroboloniotric equipment formerly 
used at Tyrone, N. Me*., had been set up. This gnre duplicate equip' 
ment in the tw*o tmmels, and at the bcgimiing of the year a seri^ o 
simultaneous obsen-ations was in progress, observing through iden¬ 
tical skies. The series continued for 40 observing days, including B 
long-method days. Detailed comparisons of the observations showed 
satisfactory agreement. One uneipccted difference persisted through 
the observations, namely, the ratio of the galvaimnietcr de ections 
for successive wavelengths changed progressively ihrougii the spec- 

trum. Tho niUo '■!“ .''‘”1“ 

ond and decreased to 0.060 in the red end. These differonc<» m de- 
Sections are compensated for by the transmission factors, w uc^ are 
regularly determined for each individual spectrobolometer and tlie 

deflections aitored accordingly. _ 

Following this series of observations, the stellite mirrois in Uw new 
tunnel were replaced by aluminised mirrors. As esiicct^, this 
rially increased the deflections in the new tunnel—a gam of twofold 
in the red end and approximately fivefold in the violet eni A sKond 
series of simultaneous observations, one tunnel with stellite mirrors 
and the other with aluminised, is now in progi-es^ . „ l -i* 

Mr, Hoover took with him to Table Mountain a specially built 
double spectroscope with rock-salt prisma, design^ to measure tte 
ozono absorption in the infrnr^, between O and 10 microns wavelength. 
Tills was mounted ond tested in the new tunnel. , , ,, . . 

A new and importimt project has developed ^ Table If^ountam, re¬ 
sulting from a paper published in im by Dr Oliver B. Wulf, of the 
United States Wcotlicr Bureau and tho California Institute of 
Technology, on the determination of oione by 

urements (Smithsonian Misc. Coll., vgl. &5, > 0 . &), Dr. Wu 1 
long felt that a method could bo developed for daily meMurerneat 0 
the quantity of osone in the upper atmosphere from the Smithsoman 
solar-constant records. He bases bis method on the 
Chappuis absorption bands in the yellow-orange region of the visible 
spectrum. Dr. Wnlf foiiunately was able to s^nd ^ 

Table Mountain, working on the details of his method. 

1,1061, the Table Mountain staff started the required ^ 
menta TraUnmuiry results look promising, and the method wiU be 
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bi:rengthGned as more data accumulate. It is hoped that a daily de¬ 
termination from onr bologtaphs of the quantity of ozone in the upper 
atmosphere may become a regular part of our records at the Table 
Mountain station. 

niVIfllOK OF RAOIATION ANU OE^ANSSMS 
(Ejepcirt pi^pared by E. B. Withpow) 

During the past 2 years tlie division of mdiation and organ isms has 
been setting up specialized equipment and facilities for an investiga¬ 
tion of the plant photochemical reactions involving pliotomorpho- 
genesis, which is a light reaction controlling the growth and develop¬ 
ment of higher plants, and photoperiodlsm which is another light 
reaction controlling tlio flowering of many higher plants. Wave¬ 
lengths in the red end of the spectrum from about 600 to 700 are 
the most effective in producing these rcspoiUies. 

The first experimentation has involved photomorphogenesis as it 
pertains to the effect of red light on leaf expansion and pigment forma¬ 
tion in seedlings of bean and corn. In the dark, a young bean seedling 
develops with a sharp bend just below the bud, called a plumular hook, 
and the leaves fail to develop beyond a very immature stage. With 
very low intensities of red light, leaf expansion occurs quite rapidly, 
nodes develop from the bud, and the plant form approaches normal 
Heretofore, with such developmental reactions there has always been 
associated otlier photochemical reactions as chlorophyll synthesis 
and photo^nthesis. 

Since the elucidation of the biochemist^ of photomorphogenesis 
is greatly complicated by the simultaneous occurrence of other light- 
controlled reactions, an attempt has been made to induce photomor¬ 
phogenesis independently of other light processes. Special dyed gel¬ 
atin light filters have been prepared which have a sharp cut-off at 
about T30 mj«, so that they transmit only wavelengths longer than the 
cut-off, but rtrongly absorb the shorter wavelengths. In bean it has 
been found j>Qs.sible to cause almost complete development of leaves 
and the first few intemodcs witliout any measurahla synthesis of 
chlorophyll | thus photomorphogcncsis has been excited with only the 
most minute traces of chlorophyll synthesis, no photosynthesis, and no 
phototropic reaction. From this it is evident that the photomorpho- 
genic reaction has an action spectrum that goes a little farther into 
the infrared than that of the other photochemical reactions. 

By ^ing the 436 tni* line from a merciiiy arc isolates] with a blue 
filter, it has been possible to produce bean plants in which the leal 
development occurred to a very small degree, but yet considerable 
chlorophyll synthesis took place. Tlie blue-treated plants had 
roughly 10,000 times as much chlorophyll as the TBO-mji-treated 
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plants. It is thus concluded that protochlorophyll and chlorophyll 
as photoactivdting pigments are probably not a^ociated with P“Oto- 
morpbogenesia ftnd that some other pigment muat be present wlneh is 

causing this reaction, j ^ i 

Pigment analysis showed that die corn and bean plants treatoi with 

radiation in the rnnga from T30 to about 1,000 developed from 50 
to 100 percent more protochlorophyll j c^^rotenoiifc, and, in the case ol 
bean, anthoeyanin pigments per unit of fresh tissue than tho^ kept 
in the dark. On a pcr*plant basis, the increase varied from 200 to 
SOO percent depending upon temperature and intensity. 

Higher plants can gro’sv “normally,” the normal being considered 
the growth form of a siinlight-gro’wn plant, when a balanced spectrum 
involving the proper proportions of blue and red radiation are pres¬ 
ent At moderate intensities of blue light, where there is sufficient 
photosynthesis, growth is ratlier poor with most higher plants, and the 
plants appear short and stunted. In red light of tlie same energy, 
growth is rapid but the plants era tall and weak-Btemmed. Since 
the fliga Chlorctia jtyreimdosa is a standard test object that has been 
studied in relation to photosynthesis and can be grown rapidly and 
^productively under precisely controlled conditions, it was consid- 
ered desirable to test wliether growth of Cki&rell^t is dc^ndent upon 
the red-light reaction necessary for the growth of higher plants. 
Ckl&tella cultures were grown under blue Tadistion from a mcreury 
lamp isolated at 435.8 m>h anti the red cultures were gro’wn in an 
incandescent band from 1335 to 670 m^. Results thus far indicate that 
ClJQrelia is not dependent upon the same photomorphogenic red-light 
reactions as the higher plants, since growth in the blue-treated cul¬ 
tures is similar to that in the red-trented cultures wiien equal quantum 
energies are used. However, tlicre is evidence that the blue cultures 
contain morcchloropJiyll. Tlius growth with Chloi'cllo appears to be 
dependent entirely upon the rate of supply of the products of photo¬ 
synthesis. Tlie other photochemical reactions do not appear to be 
limiting ns in hlgiier plants. 

Qas-exchange studies made in n Warburg maiiometric^ apparat^ 
liave indicated tliat in Cklorella there is no detectable mcreose in 
respiration rate with radiation of wavelengths beyond 730 m#* and 
there is, likewise, no pbotosjTitlicsis. Thus these radiations tliat pro¬ 
duce such marked growth reactions in higher plants produce no 
measurablc reactions in 

A second phase of the research has dealt with the effect of growth 
regulators on salt uptake and water exchange by plants. The par¬ 
ticular reference plant used was black valentine bean and the growth 
regulator was ammojiium g, 4 -dichlorophenoxyacetate acid. The up¬ 
take of salts was measured continuously by a recording elretromc 
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conductance bridge especially designed for the purpose. Absorption 
of Tarioue nitrstoa^ chlorides, and sulfates of potosaium, calcium, and 
magnesium was studied. Tiio residts indicate tliat there is a marked 
reduction in salt uptake when the plants are treated with 
and that this reduction is concomitant with a reduction in growth and 
does not precede it. With all salts except potassium and calcium 
nitrates, tlie reduced uptake does not appear until 24 to 48 liours after 
application of the regulator. In tlie case of potassium and caiclum 
nitrate the effect begins within tlie first 24 hours. 

It was also found that water absorption was markedly I'cduced when 
either the bud or primary leaf of bean was treated with NH4-2,4-D, 
the greater reduction occurring when the leaf was treated. The re¬ 
duction was not related to an effect on a root mechanism since it oc* 
curred on excised shoots to the same magnitude ns in whole plants. A 
rapid weighing technic allowed that the loss of water from the plant 
treated with NH4-2,4-D was considerably less than for plants not so 
treated, indicating that transpiration is greatly reduced by treatment 
with 2,4-D. 

During the year a coiiti'ocl was assign^ to the division by the 
Atomic Energy Commission to study the effect of radiation on the 
grow'tli and development of plants. A contract renewal was awarded 
by the Biological Department, Chemical Corps, Camp Dctrick, Md., 
to continue physiological studies of the effect of growth rcgulatora on 
plants. 

Bespectfully submittcil 

Ia B. Airiaicii, Direcior. 

Dr. A. WimtoRE, 

Secretary, Snatfutonian /yistituticn. 
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Keport on tlie Naliouul Air Museum 

Sui: I Uave the honor to Eiibniit the following report on tho activities 
of the National Air Mui^oiini for the fiscal year ended June lOfil * 

UlQliiSiOU^ 

Because of the tense international situation tliia year tlie National 
Air Museum encountered dilficiilt obstacles in tlie conduct of its op- 
erations^ As the program progressed, rumor of the reuse of war 
plants became fact, and before the close of the year the Air lluseum 
was ordered to vacate its storiige facility at Park Kidge, llh, to make 
way for aircraft manufacture. Despite such deterrent factors^ liow- 
everj all nornial functions of the bureau weio carried on, including 
the maintenance of the cudiibited collections in Washington^ ilia opera¬ 
tion of tlie storage facility near Chicago, the survey for aeronaiitical 
museum material, and tho conducting of tho bureau's infonnational 
services, 

Allhougli new^ materia! added to the aeronautical collections was 
less in quantity than usual, tlie quality equaled that received in former 
years. Foremost on tho list of M objects received was the Bell X-l 
aiipetsonic airplane, considei^cd by many to be the greatest forward 
step in aeronautics since tbo Wright Brotliera^ invention of the Kit Iff 
Hawk. The acquisition of this iniportaat addition to the acronaulical 
eolicclioiis and notes of other worthwhile items received are fuilhur 
described under the heading Accessions and EvenLs.” 

A&vieomf noAiio 

This year one meoting of the Advisoiy Board of the National Air 
Museum was held, on June £S, 1951, called primarily to consider the 
problem of the required removal of the Air Museum^s collections stored 
in the former Douglas bomber manufacturing plant, Park Ridges Ill. 
llie Board formally reafilrmed its belief in the great historical and 
tochuical value of the collections and directed tluit all possible care be 
taken to effect the preservation of the aircraft and other cotiiponents 
of the collections. In tliis connection, the wboleliearted cooperation 
of tlie Departments of the Navy and Air Force wag assured. 
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Changes in the composition of the Advisory Board were annouitccd 
as follows: Lt, Gen. K. B. Wolfe, United States Air Force, on retiring 
from active duty was succeeded by Maj. Gen. Donald D* Putt, United 
States Air Force. Bear Adiii. A. M. Pride, Bureau of Aeronautics, 
Department of the Xavy, upon assignment away from Washington was 
succeeded by Rear Adni. Tliomas S. Combs, 

st1':piienson nuounsr 

Public Law 732, by which the National Air Museum was established 
August 12,1046, authorized the SmltJvsoninn Institution to accept ns 
a gift from George H. Stephenson, of Philadelphia, Pu,, an appro¬ 
priate statue of Brig. Gen. William Mitchell. Mr. StephenEon died 
on July 17, ms, leaving a bequest of ?15,000 to the Smithsonian for 
the propos^ memorial. This has been accepted following a feasible 
interpretation of the bequest under agreemcTd between the Smith¬ 
sonian and the executors of the Stephenson Estate, with approval of 
the Orphan’s Court of Philadelphia County. Toward the close of this 
fiscal year, the bequest was received, and plans for the memorial were 
initiated. 

otmATOUiAn Acmvmr,a 

The curator, Paul E. Gather, reports on the year’s work as follows: 
In an effort to alleviate the crowded condition of tlie aeronautical 
displays, provide space for tlie bureau’s laboratory and oliop, and 
permit the exhibition of some of the new and timely accessions, many 
exhibits were moved and rearranged this year. In addition, several 
important items In the collections were removed from exhibition and 
carefully stored. 

Since its organization, the workshop facilities of the bureau had 
licon contained hi small rooms in two buildings. Operations were 
hampered, and it was decided to convert a portion of the exhibition 
area in the Aircraft Building into a single laboratory. Some of tlie 
cxliibition space lost by this transaction w'as regained by the construc¬ 
tion of display cases recessed into the exterior walls of the new shop, 
and the condition of the bureau’s reference files and library was im¬ 
proved by extending those units into one of the old shops. Another 
major readjustment was the concentration of all aircraft engines in 
‘‘engine row” along the north side of the Aircraft Building. Tlie en¬ 
gines have been chronologically arranged and provided with improved 
exhibition stands, better labeling, and a protective railing. This con¬ 
centration provided door space for the display of a portion of a full- 
sized fuselage of a current United States Air Force fighter, the Re¬ 
public F-S4 thuiidcrjet, a type now in service in Korea. 
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The installation of the Bell supcreoaie X-1 was a major project. 
Unlike aircraft generally, tlie X-1 was hullt as an integral structure 
without the usual attachments and fitting that permit assembly or 
disasaembly. As its size did not permit its movement into tlio mu¬ 
seum’s exhibition hall tlirongh existing entrances, a 30-foot length of 
wall was removed from Uie side of tlie i^rcraft Building to allow the 
X-1 to be placed inside the building. In this undertaking the bureau 
had tlie cooperation of United States Air Force personnel and equip¬ 
ment and of the Bell Aircraft Corp. 

Two of the full-sized aircraft—the Spad XIII, World War I 
fighter, and the F-5-L, World War 1 Naval patrol bomber—received 
extensive repairs. Tiio exhibition of tlie Wright BreOiera’ Wind 
Tunnel was improved by adding a copy of the bench grinder, fan, and 
belt, which provided the wind curieut, and the small truck used to 
launch the original JSCitty Hamk, 

ACCESSION’S AXD EVENTS 

Tlie outstanding accession of the year was the Bell supersonic air¬ 
plane X-i noted above. This was formally presented to the Air Mu¬ 
seum by Gen, Hoyt S. Vaudenberg on behalf of the United States Air 
Force and accepted by Dr, Alexander Wetmore, Secretary of the 
Smithsonian, on August S6, 1051, at Logan Airport, Boston, Mass,, 
during die National Air Fair, Participating in the ceremony were 
Lawrence D. Bell, president of Balt Aircraft Corp. which constructed 
the airplane, Lovell Lawrence, Jr., president of Reaction Motors, Inc., 
makers of tho rocket engine wliich powered the X-1, and Capt. Charles 
E. Yeager, United States Air Force, who first piloted the X-1 through 
the sonie barrier on October 14,194T. 

A second accession of note was a duplicate of the first ram-jet engine 
to achieve thrust over drag and attain supersonic speed. Thia type of 
jet engine was developed for tlie United States Navy by tlie Jolu^ 
Hopkins University Applied Physics Laboratory, Silver Spring, Md, 
The first successful demonstistion occurred on June 13,when a 
speed of about 1,500 miles an hour was attained. Tlie original engine 
was lost in the ocean off Island Beach, N. J., where the ex^wriment 
took place, but a duplicate composed of original parts, sectioned to 
show coriEtruction and opemtlon details^ was prapin^od for the 
tional Air MuBcum. Its presentedon was made at a ceremony held 
in tlie Aircraft Building on November 09,1051, in which Rear Adm. 
A O, Nobel, Chief of the Bureau of Ordnance, United Stat^ Navy, 
Dr. R. E. Gibson, Director of the Laboratory, and Ids associate, Dr. 
Wilbur H. Goss, participated. Carl W, Mitman, Aeisteat to the Sec¬ 
retary for the National Air Museum, accepted the gift. 
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All outstanding asronautieul ovent celebrated during the year was 
the fortieth anuivei'sary of Xarixl Airplane Carrier Operations. 
Such operations were instituted on January ISj 1011, by Eugene Ely, 
an associate of Glenn H. Curties, pioneer aircraft manufacturer, when 
bo lantled upon and took off from a special deck platform constructed 
on the U. S, S. P&nnaylvatiia anchored in San Francisco Harbor, That 
successftil experiment demonstrated, the utility of the aircraft carrier, 
vrhich. proved to l>e such a vital factor in World War II. To mark the 
anniversary the Museum obtained a scale model of the old U. S. S, 
Pmmylvania and constructed on its stem deck a scale reproduction of 
the spodal landing platform and arresting gear used by Ely. Upon 
this a model of his airplane was placed illustrating the moment of suc¬ 
cessful landing. The Museum meanwhile had acquired by transfer 
from the Department of the Navy an early Curtiss airplane engine 
identified os the one that powered Eugene Ely’s airplane on this his* 
toric occasion. The engine was jjroeured through Don Coe, Buffalo, 
N. Y. Tliesc two accessions;, together with a series of photographs 
illustrating carrier development from 1011 to tlio present, were com¬ 
bined attractively into a special exhibit which, for the anniversary, 
Acas placed first in the foyer of tlio Navy Department and later ex¬ 
hibited in the Pentagon. Tlie exhibit is now permanently incorpo¬ 
rated in the Mtiscum’s collections, 

Tlireo full-sized aircraft of historical or technical significance were 
added to the collections, in addition to the Bell X-1. They are the 
trans-isthmian tractor airplane, designed, constructed, and flown 
across Panaind in IDX8 by tlie renowned pilot Kohcct C* Fowler; the 
Northrop F-61 of World War II origin believed to he tlie first tyiie 
of American fighter designed specifically for night opetntions; and 
the McDonnell helicopter ll'AiWatcay, the first twin-engined helicopter 
and prototype of the heavy lift designs now under development, 
Tlieso tliree aircraft are in storage until a museum building is 
provided. 

Among tlio aircraft engines added, the original Pratt & Wliitney 
Wasp engine No. 1, which in 1025 laid the foundation for tliat com¬ 
pany’s development of radial engines, is outstanding. In addition, 
two sectionalized and operating Wright radial engines of World 
War II em, received from the Kavy, help both student and layman 
to understand the workings of this complicated typo of internal- 
combustion engine. Guided missiles, also received from the Navy, 
not only furnish important examples of both German and American 
typos, but also provide, in tlicir engines, forms of jet propulsion that 
supplement tlio typos shown in the ^(useum’s engine display. A 
series of miniature engines os used on model airplanes is of particular 
interest to younger flyers, A unique addition to the propeller collec- 
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tion was received from Stanford University, namely, the espcrimenUl 
test model of a controllable pitch proi»llcr embodying “f’ 

veloped in 1018 by Dr. 'W, F. Dnrand and his associate, Dr. Ji-. r. 
Lesley. Dr. Durand has made many important contributions to 

aeronautics. . , nf 

Other accessions worUiy of note arc an original oil Pprt^a^ 
Wilbur Wright done from life by J. A. Herve MaUie, revived from 
Gen. FmnU P. l^lun, U. S. A. (ret.), and his si^er, I'rank 
Tarker; and the Harmon Trophy established by Chfford B. 
in memW of of World War I and award^ 

for outstanding acoomplialimcnta in aeronautics. The Air filiiseum 
is mogniffid as a logical repository for renowned trophies, 

A full list of tiie year's accessions is presented at tlio close of tins 

neixirt. 

STORAOB 

With moi'e than iwo-thlnls of the collection of full-sized <«rcraft 
in storage because of the lack of an adequate building, storage-facility 
operations loom large in Uie bureau’s management. Hie principal 
storage facility during 1051, ns in the previous 2 years, was the fo^er 
Douglas DC-1 plant at Park Ridge, III. 'Die program of opemtio^ 
there concern a Uie guarding, preservation, and cataloging o aircm , 
engines, and components, and tlicir preparation for eventual shipment 
to Wa-diiiigton. Other programs include cTnluation of specimens, 
Bciecniiig and salvaging of material, research on design details of 
aeronautical hems, and special informational services. All 
tioiis were advanced during the year with the result that of the 82 
full-sized aircraft on a retained status, 33 had been boaed for s ip* 
ment, 11 had been disassembled for boxing, 27 were 
Bfflembly, and 11 were assembled and made fly able. Of tlie ltM> 
engines only 5 remained unboietL Almut 5,0W components are now 
box(K), but many of tho containers ri?qiiiro rcpsiir,^ ^ 

TecJmical research by the staff resulted in the selection nnd segprega 
tion of a number of details of aircraft construction which are being 
prepared for displny. These include samples of Japanese wing-nb 
stitching, a German rocker boa hold-down fitting, a German saw¬ 
toothed entering edge from an Ho-l7T wing for severing cab es o^ 
barrage balloons, a German cable clamp, German pulley, and other 
items believed in each instance to incorporate features that are of 

interest to designers and engineers. ■ 

Informarional service included fumishmg data on mrereft deteib 
to pilots and mechanics servicing airplanes of types similar to t _ 
in the collection, guided tours of the collection for groups of United 
States Air Force pereonnol studying design fentu^ of foreign air¬ 
craft, loans of si^ificant specimens for oflicial educational and re- 
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cruitlng displays, and preparation of special exhibitions for Armed 
Forces Dny. 

To record historical and design details of specimensj tho staff de¬ 
vised and installed a special card-index system^ and by the close of 
the year cards Imd been prepared for all aircraft, engines, parachutes, 
and flight clothing. This information will expedite the preparation 
of permsneot r^rds at the Washington office. Tlie operation of 
the storage facility this year was under the immediate superrislon of 
the associate curator, Walter Sfale. His staff consisted of two clerks, 
three mechanics, two carpenters, and four guardsL Space occupied 
by the stored collectlotis, office, and shop at Park Kidge remained at 
147,600 square feet throughout the year. 

Naval airemft being retained for the Museum are stored at tlie Naval 
Hase, horfollc, \ a. Additions during the year included several en¬ 
gines and the McDonnell WMrlavnay helicopter. Donors who ate as¬ 
sisting the Museum by storage of significant aircraft include Howard 
Hughes with his transcontiiientid record holder of 193T, and Stanley 
Hiller with one of his early coaxial helicopters. During the year, 
storage at Washington was relieved by shipping to Park Ridge two 
aircraft, six engines, and a quantity of components, models, and other 
items which had been removed from eiliibition to relieve congestion, 

COOPEftATtVE FDOJECTB ASD IN rOHMATJONAL SEUVrCES 

Assistance to other Government departments included; for the State 
Department, fumisliing historical data on rigid airships; and-for the 
Department of Justice, tracing development of various types of cson- 
noctors and handles used in parachute harnesses, and checking cockpit 
installationsaaadnptedtoblind-flying operations. This research was 
in connection with patent priority investigations. Tlie Museum pr<>- 
vided and assisted in posing models of aircraft and items of insignia 
and flight clothing for a motion picture being prepared for the Air 
Force. The use of identifjing marks and insignia on aircraft was 
trticcd for the heraldic office of the Air Force, and one of its Iiistoricah 
research analysts was assisted in preparation of data on the Wri<^ht 
Brothers. At the request of Kirtland Air Force Base, a Japan^esc 
fighter airplane, Otcar, was made available from the cictss examples 
stored at Park Ridgeu 

The Department of tlie Navy consulted the Museum to determine 
details of one of its early Curtiss aircraft — the TrUtd of 1011 This 
information was supplied from photographs and texts in tile Faurote 
collection of Curtiss data acquired several years ago. The Naval 
Laboratory was lent a scale model of the Curtiss 
SB2C for use in preparing a larger model, and the Bureau of Navi¬ 
gation was assisted in identifying an early bubble Ee.vtant adapted 
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for aerial navigation. TJie Navy’s research vrorkers investigating 
rocket propulsion ivei'^ given info nnnt ion regarding some of the basic 
work performed by Robert Goddard by reference to tlie collection of 
Goddard rockets fltid apparatus in tile Mtlficunn 

The spectacular employment of helicopters in the Korean war was 
the subject of a meeting called by the Public Kelations OlHce of tlio 
Navy's Bureau of Aeronautics at which the curator furnishcil data 
nil types and assisted in planning a display and flight program held 
later in the year in Washington under the direction of the Aviation 
Industries Association. The National Advisory Committee for Aero¬ 
nautics received assistance in editing articles on tlic scientific aspects 
of the Wright Brotliers’ accompllsliments. One of the flight projects 
being conducted by tliat Committee rwpiired the use of an F-01 Nortli- 
rop Widow^ a niglit fighter devcIoj>cd during World War II, 

Use of the Museum's example was requested; it was flight-conditioned 
and lent to the N. A. C. A. for this iraportant parpose. 

Both the Air Force and the Navy were aided in the preparation of 
educational exhibits for Armed Forces Day displays involving use 
of Museum material. Tim Naval Historical Foundation was assisted 
in tlio preparation of o Naval aviation historical exhibit at tlie Trux- 
tun-Decatur Naval Museum in Washington. Two airlines — United 
and Capitfll^-celehmtcd anniversaries this year and requested assist¬ 
ance from the Museum in planning their programs and displays. Pratt 
& Whitney Aircraft required basic information on cooling of aircraft 
engines and were gratified to find helpful examples in Museum ma¬ 
terial ; this company was also assisted in making available to the 
Museum of Science in Boston an early example of their Wasp engine. 
The compilers of the Aircraft Year Book again called upon the Mu- 
seiun while preparing their review of the year’s accomplishments, 
and many authors, artists, and modelmakcrs were hcliwd in various 
projects. 

The National AcrotiauGc Association again appointed the curator 
a member of tlieir committee that selected the annual recipient of thy 
Brewer Trophy, awarded for advancing tho interests off air youth 
education; the recipient was Lt. Comdr, John Burton. The Institute 
of Aerouauticai Sciences was lent one of tJie rockets from tlie Eobert 
Goddard collection, with approval of the Daniel and Florence Guggen¬ 
heim Foundation, which prepared the original eshibition. 

During the year the curator by request lectured on the history of 
ncroimutics before several church, school, Boy Scout, and business 
organiisations; and ho and other members of the staff conducted a 
number of special tours of the collection for special groups including 
four large units of Air Force and Naval officers studying aeronautical 
history, structural characteristics, and nircraft recognition features. 
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AC!ISOWI,EIKI]irEKTB 

Each jear the Air Aluseum receives, in addition to its accessions, 
very lielpful assistance from many soutccSi Particular acknowlcrtg- 
ment this year is accorded to the United States Air Force for trans¬ 
porting the X-1 supersonic airplane from Boston to Washington; to 
the Bell Aircraft Corp. for preparing tins plane for eshibition; and 
to the National Advisory Committee for Aeronautics for furnishing 
data on its flightg. The United States Air Force also supplied a crew 
to assist tlie Museum's exhibits workers in dismantlmg the Dellav- 
illand^ to make room for the X-L Tlio United States Air Force 
and Republic Aviation cooperated in preparing for exhibition the 
cockpit and nose portion of the F-S4 thunderjet previously men¬ 
tioned. Tlio Navy furnished a crew to move the F9U-2 Akr&n fighter 
airplane and to movct repair, and paint the hull of the transatlantic 
NC-4. William B. 8tout, Advisory Board member, constructed a 
replica of his Sky Car fuselage and fitted it to the existing units of 
(Lis famous plane previously in tJie Museum’s custody, thus restoring 
it to its original appearance* 

Tlie reference fileSj which constitute a valuable source of Informs- 
lion used in preparntloii of labels for speciinensj for research by the 
and in answering inquiries from visitors and correspoiidentSi 
were greatly improved during the year by important donations. The 
Consolidated Vultee Aircraft Corp. gave a collection of 44 framed 
photographs of aircraft produced by this company and its assjciales; 
Mr* and Mrs, W. S. Clime, of Old Lyme, Conn-, presented photo¬ 
graphs, articles, and dippings relative to the flights at Fort Myer, Va., 
in 1008-09 by tlie Wright Brothers; Joseph Gwlnn, Jr^, of Buffalo, 
N* Y*, forwarded data on the Gwinn Airear of 1037 ^ Miss Elsa 
Needham, of WaSihingtou, D. C*,gnve photographs of lighter thau-alr 
craft; R. M. Kinderman, of Hn^slet, N. J., 1,744 item^ mainly nero' 
nautical journals dating from 1011 to 1940 including several complete 
volumes; Benjamin Kohn, of Washington, D* C, photographa of 
the first World Flight, 1021, and the Good Will Flight to Latin 
America in 1028^27; Alois Schlaehter, of Fort LRuderdale, Fla,, 
photograplis of prominent aeronautical personages, and material 
associated with Zeppelin airship operations; Mr^. Clara Studer, of 
Elmhurst, N. T,, author of “Sky Storming Yankee,” the source 
material used in w^riting this biography of Glcmi Hammond Curtiss; 
and from other sources, pliotograpljs, scrapbooks, trade journals, 
books, and reference items to expand this veiw useful fund of aero- 
nautiail knowledge* 
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SUEVST 

The Air Museum’s survey for potential aeronautical matcriai was 
puisueU as in former years and included the following trips: 

Nortb Merritt. L. L, Auguat 21. by Sicpbeii L- Beers, nssMlnte cumtor, to cbecli 
ancbentictty of a Tbouins Morse H4C adTauttHl trainer of World War L 
DaytOD, Ohio, Soptember 4-9. by Robert C. StrobeU, nBswIato curntor.to cmmliK! 

Atr Force mntertal at Wright Patterson Fletil* 

St l.otit». Uo., Octolter 28. by Paol E. Giirhor, curator, to oininliie airship parti 
DfffirfH] lij" Mrs. Hn^el Jelluek. 

AiinApoliiy r December h by FjiuI E, Giirbcr, curetor. to Inspect olKraft 
engines and trfttitSng avallolj]^ ut tbe Naral Acj^dcmy, 

Quaotfeo, Va., November S. by Paul E. Caarbeae, curator, to Inssjcot jat euflttca 
available at tbo Marhiv Corps Air Uaso. 
llaalet. N. J., Jaaiiary 27-215. by Robert C. Strobell auBficInte carator, to iaapect 

lind protore reforeaee material* 

I'ino Orctard, Cohb^ Muy 1-lr-ia. by Paul E. Garber, curator, to examine papers 
and dmwluga oa Gal]nodei aircraft, 

\Vllke».Barre-Scranlon Airport, Pn,. Juoo 1. by Itubert C. Strobell. associate 
curator, to dieok condition of a CurtSaa P-40 Warhui^k. 

Dayton, QbJo. Jutto tS-S* by Robert G* EtrobaHt aeiiockite cum tor. to Inspeec air¬ 
craft (Mitllpnient at Wrlj^t Paltemen Field. 


1J3T or ACKJBSSlGS^fi 


During the year, 90 specimens were recorded from 30 sonrecs. 
Those received from other Government departments wwe acquired 
by transferj all others, except those identified aa loans in the following 
list, were gifts: 

AaMcm-TOii:, DEtAwneur or. Washlnglou D. C.: Two JMiladcd woodcti alrptaiMf 
pnipellen of the World War I eru, ejabodyltijf e*i»rliiiciilal aee of odheatves 
ilerctoped by the Forest Prednets Laboratory (N*. A, M. 701). 

At a Fobcx, Depabtmxnt or, waahington. D. 0.; Tlie Bell X-1 rocket-propclleJ 
altvlane. first mao-carrying alrcrafl to aclitero supersoutc flight. Cajit, Charles 
Yeager, pilot. October 14. 1D4T (N, A. M. ODTI; a Northrop F-M-C Black 
Wfdoir alrplnne developed during World Wnr II aa a Dighl lighter tN. A, M. 
?tl3)! (through Cot. Ffonh Kufla) a largo fnimed mop of the PoelBc area ami 
tie Americas, showing the flights of the Boeing B-17-D bomber Bteoose 


(N. A. M, 716). „ 

Am Foice^ CSin Fjoiiteb S^UhIUbox. CiTtii FioHtyit Gimdp. Sbaw Air toree Buso, 

Sumter, 8. C. t (Throngb SInJ. James C, Haro. tJ. S. A F.) An Insignia panel 
*'bar front" Inscribed with names of airmen nml tleir victories attained with 


tills unit In World War il (N. A. M. CCC), 

AMHIIOA!* LECiOtr AuiittAav, Now Yorl Citri (Through Mrs, Willis Eecd, Mrs. 
Harold Taylor, and Miss Felicity Butanelli). The original bronw pla^ne of 
Amelin Earhsrt, scnlptured for the MedsJ-of-the-Monlb Clnb by Brenda Pu - 


uam (R A, M. 714 ). 

Clim*. Mb. ixo Mas. Wisrioin Sccur. Old Uyme. Cehn.; An American flag flown 
from Wright Brothers' 1008 mllliaty plane IN. ^ M.«»). 
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CdddikOi Lt. 0. R. tj. S. a. F„ c/o 6S4tti ACAW Sqiin.. Palac Field, Everett, Wo ah. t 
A of tno4el air€:ni(t etiglncfi and proiKllers (N+ A, M, TC^2, loan). 

D£Lta [TM^iromUfl, New York Crty i (Tliroygii Howard STeltuer) A pilot's cap of the 
typo worn by pori>DDne] uf Cimm^fciA\ nirlincsp U+ 3., 1II50 {X, A. M. 7D&>. 

Eujb, H., Holly burn P. O.* West Vancouver, Erltli^h Columbia; Thrco 

models of ploneor alrplan&s bnlU ami down in Canada. 1910-14 (N, A, H 711), 

Fowij3^ Rqhskt Cr, Sao Jose^ Calif.; FowJor airplane, 1913, buLit and down by 
doijur on lirst flight aorqsy li^thiaua of Panama (N. A. Sf. QM}, 

GBUU.UJLN AiBciLiFT EpsoiKCirBrso CoRV^ Botli][uieep U I,, X. Y.; Yhroc mwlols 
{1; 10) of <SjmiDn]an airplanes partleliiatlnk tn the Korean war (X. A. M, +09j. 

Hashon irct-EETATioNAL Tapes IBS, New York, X. Y,; (Through CEftford B. Har- 
mon Trnst) An aiinual stvard trophy for the iuo$t outstandEn^ oontributlons 
to tJke science of flying during iho preceding year (X. A, IL *00). 

Jm^EK, Mss. Hazee SitAW* SL LoniSp Mo.: Airship parts from a dirigible of 
aboat 1907 (N. A. M. 719). 

Jonisa iloricE^s VxivEmitr AeeotD Piirsica Z^AtFOSATOar^ S^Uor Spring, MJ.; 
A dupUeolc example of world's drat iatic<!ea>sful Bupeisanlc tani-Jct engine nod 
its rocket booster (N. A. M. 09B>. 

Laum. Bnio FtA?! tf P.. U. S, A, (Kirr.^. AN'a Mas. Fsajek pASKSk, LaJoUa, 
Caltr: A Ilfe-sLzo oU portrall of IViibnr Wrigbt painted during Jlfe In 11003 by 
X A. Herve Mathe tX. A. M. K)l, loan). 

Lockhetj} AiuctArr CSobp.. Burbank, Cnllf: (Tbroiigb BobetC E, Gross, presi¬ 
dent) A model of Lookbee^l Shcotinff Star of type flown by JJL Russell E. 
Broivft, U. a. A, F,p in n Inning flrst Jet nlrplano combat, Korea, IflTjO (X, A. AL 
715), 

hlrDosNELL AiM^aAJT CoHP.p St. Louis, Mo.: Tbo twdn-englned boBeopier XnJD 
WKxrltiiCay |R A, TIS)* 

MraaniTK, Catt. SrEfrccR B., Arlington, Va-: An original Gorman ribbon pnm- 
clilitc test model and n German tmgtnc Injector, World W’ar 11 (X. A. M. 717>. 

Nav% DEeABTsiENT OF, BuliEAu OT AEnONATTTics, Washington, D. C.: Two early 
Cnrtls^ aircraft engines; one used by Eugene Ely In Ills InniUpg on and take 
off from file U, S, 3. PenNwylvania, l&li; tbe other from a OurtLss flylisg boot of 
101^2 (N. A_ M, 710): the original Pratt iSc Wbltney Wnsp euglDo No. 1 developed 
In (N, A. M- 720); four guided missiles: 2 S, Nnrnl—a KAN-2 £rflf/e ilos 
and KCZK-1 Oor^ion—and 2 GtuTuan of World War 11—an HS"2Q^ and an 
X~4, and 12 camponent patcjs for guided juEfisUes tX. A. M. 712). 

Navt, DryAirriiRNt of, lJ.vtTED States Naval AcAnEUY, Annapolis, Md.: Six 
NavnI training devieea comprising imloway QXikm{ 2 \& of Wright aeronaiitiCAl 
englu^^ types and nnd panels show lug detnlbt of imiUlary equip¬ 

ment (X. A. M. 7<H). 

Btfumjc Aviattos Cusp., Formlngdale^ L. I,p N. Y.: Model (1:53) of a U. 3- 
Alr Fort?eBepubLtc P-84 thunderjet sIngVseat Jot flgbter, IMJ (X, A, M. 707). 

Itonitiso^^ Mils. Pxaxl^ T., Wafiblnglu[j+ D-. C.: A sterling-silver trophy awarded 
by the B’a^htDgtcui Air Derby AMocIatlon for outstandlag contributions to 
tlie cause of private flying In the District of Columbin area (N. A. M. ODS, lonn). 

STAJSFoim UxivzitsiTT, Stmifordp Calif,: (Through Dr. \V. b\ Durand ai^d Dr. 
Elliott O. Bold) An early test model of an ndJu^Etable pitch propelJer Incor¬ 
porating the featiires developed by Profs. IV, F, Durand niid El P, Lesley at 
Stanford UnlTcrslty In I&IS (N. A 7<K1>, 

Bhobt, V, Roxoa, Weslbrnok, Goan,: Mndel 0:24) Sikorsky XfM heUcopter, 
1942. nnd a pfittem model (I: T2) of a Spit Are, British World AVne II tighter 
(X, A, M, 7(M3), 
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States Natestcal Museum, WtisblUEtoi^ D. 0-: Seals esMbStloa model 
dX tbs U.S.3^ Peffinii/Fi'anin^ wbLeb was used in ttse flrst alfvUi:os earirier opera- 
tioD. Sad EVaaelaco Bay^ JauujiTy 13* 1911 (inodiRed 1 b NbILodsI Air Mas&UJU 
shop to show atom laudLo^ plaUortu aud scale model of EHy's Curtiss airplane). 
tK. A. IL T13). 

Wait^ H. Rot^ WoshLu^ou^ D. C-: An BTlsUon poster printed in 1912, ndTerUs^ 
dJlfbts by the donor at Florencen S. C.# la a Bur^^ssa-Wright neroplans 
{N. A. M. 39 S). 

Wbiglet, Fntu^ El, CblcSgOT ilh; A moclet (l;t€) oX the TeErllle dying bast, 
1915, used Xor traLnlat and rseoanalssance sendee at Great Lakes NnTat iVala^ 
Ibg StutCon dUTlng World War I (R A. M. C0^>. 


BespectfuHy submittetL 


Carl W, Umixs, 

A mutant the Secretary for the Air Mmmm. 


Dr, A. Wetmore^ 

Secretaryy SmUheonian Insiiiittion^ 


APPENDIX iO 


Report on the Canal Zone Biological Area 

Siiti It g^ives aifi pleasure to present lierewith tlie annual report on 
the Canal Biological Area for the fiscal year ended June 30, 

rH7B0TmE>'T9 

A contract was awarded fortlie construction of a new 2-story build¬ 
ing to provide Much-needed space for laboratory expansion. Two of 
tlie eight Tooma on tlie ground floor will be used for photographic 
work; another will be a general dry room provided with heaters; and 
the others will be for laboratory work, toilets, and showers. The eight 
upper-floor rooms will house the library, herbariutn, card-index rec¬ 
ords, la^ratory glassware, microscopic incubators, cliemicals, and 
other scientific apparatus. With each room a unit by itself, it will be 
easier to control humidity and temperature, and moat of tlie rooms 
will have dehumidiflers. The roof, an invertad-V type, will be of alu¬ 
minum and will have gutters to collect the rain water and direct its 
flow into fi largo concrete water-storoge tank, to be constructed. This 
reservoir is urgently needed because the other large ono, of cieosoted 
timber, is badly deteriorated. 

During the year the new addition to the building for deterioration 
and corrosion tests, started lost year, was completed, and the Interior 
was remodeled. The building for the nsident manager and the fore¬ 
man’s former building (now a dormitory) were thoroughly bat- 
proofed. 

All the trails were inspected to determine their genera! condition 
and to note any markers that might bo missing. Four students from 
Cristdbal—Larry Cox, Andrew Bleakley, Jr., John Delaney, and Don 
Smith, Jr.—were recommended for this task by Scout Master Richard 
D. Cox, and to Uiem was entrusted this important job, which they did 
extremely well. In addition, they kept a record of tlie animals they 
saw, A number of markers and posts will have to be replaced, but 
on the whole the trails are in excellent condition, 

coMomox Of nmujisos 

The main laboratory building remains in satisfactory condition, but 
eventually siiould be converted into one vflth less fire hazard. Tho 
134 
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Haskius llbrai^ building is in exceilent condition, but sliould bavo 
better humidity controls. 

The resident manager's bouse is in excellent condition, and the Bar¬ 
bour cottage, tbe Z-M^A house below the tuEiin building, and the house 
formerly occupied by the foreman are all in satisfactory condition for 
the present. They should be provided with dry closets, but our pr^ 
ent supply of electric current is not sufEcient for this. 

The kitchen and storeroom, though somewhat small for present 
needs, are in good slispe but still remain a fire liazard. It is proposed 
to rebuild this unit of concrete blocks. Tlie two buildings for the cook 
Olid Inborens are serTiceable. 

All the generators ore in bad shape and cannot be operated on a 
24-hour basis. Tliis is a serious handicap to our food refrig;eration. 

The floating equipment is in good conditlotL 

KIQST nan ENT xeeu 

The generation of elecirie current on the is.land is not only espensive, 
but it is impossible to insui'e an adequate and constant supply. To 
the high cost of the necessary daily attention to the generators, the 
constant hauling of fuel, and iwriodic overhaul and repairs must be 
added the loss incurred by spoilage of food, damage to books, and 
deterioration of scientific equipment due to a drop in the voltage or 
oompleto failure of the supply of current. Also, because of tlie 
deterioration and corrosion caused by tlie high humidity in the Trop¬ 
ics, the life of a generator on the island is, at best, only 8 or 9 years. 
Tbe present installation is urgently in need of new units j but now gen¬ 
erators will not solve the problem, as tlie high operating cost will 
continue, and in 8 years new units will again be required. 

A very careful study of the problem has been made, in consultation 
with electrical engineers of the Panama Canal and the armed forces. 
The logical solution would be to tap tlie transmission lino of the 
Panama Canal, install transformers et Frijoles, lay an underwater 
cable to the island, and there install transformers to atop down tlie 
voltage to 115-230. TJiis would insure tlie island an adequate and 
dependable supply of electricity at a cost of 2 cents for the first 100 
kilowatts and IVi cents for each additional 100 kilowatts. At tins 
very substantial reduction in tlie cost of current, the system would 
pfty for itself in 10 or 12 years, 

SCIK-VTIOTS JLXD TlfElft STUniES 

During tlie year 33 scientists came to the island. Sigh cost of 
transportation to the Canal Zone still dotors many from coming to the 
Area. 


ui(4E-~csa—-IS 
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Dr. A, M. Chickeriiig, chainnan of tbe divi^iori of lienee and 
mathematics at Albion College, Michigan, continued his research on 
spiders, collecting a large series for further study. This is his fifth 
Tiait to the island for this purpose. In Turtos Neirs for May 1951 
Dr. Chickering published on interesting account of his explorations 
in the Cannl Zone and Panama, particularly on Barro Colorado 
Island. His estimate of 1,200 species of spiders on tiic island is 
indicative of the variety of species in other groups that may be 
expected to exist. During the post 12 years he has published 15 
papers on the spiders of this general area, one on tiie Salticidoo 
covering i74 pages. 

Dr, Etigene Eisenmann, of New York City, returned again to 
resume his studies of the birds of tlie island. He prepared an an^ 
notated list of the birds definitely known to inliabit the island, cov¬ 
ering 300 species, which is to be publishe^i by the Smithsonian Insti¬ 
tution. In this he includes reference to the many otiicr scientists 
who have studied the bird life of the island. This will be the first 
published list of birds of the Area to bring together all available 
records. TJie obvious gaps should stimulate interest and further 
study. 

Dr. J'mnk A, Hartnmn, research professor of physiology, Ohio 
State University, a recognized authority on the adrenals of verte¬ 
brates, returned for a more extended stay. With tlie aid of his assist¬ 
ants, Harry Beckman, a graduate-school assistant, and Ratibor and 
Armageddon Hartmann from Chirlqui, he collected and preserved 
what 19 probably the most extensive and comprehensive series of adre¬ 
nals ever brought together. Half of the total of 1,447, from birds, 
mammals, reptiles, and ampSiibians, are from tlie Canal Zone, and the 
rest from the VoJedn area of Chiriquf Province. About 200 skins, as 
well os wIioTo animals in formaldehyde, were prepared, tlie former 
for identification and the latter for future anatomical studies. Care¬ 
ful drawings ivei'e made of the adrenals and also of the thyroids of 
birds. The preserved adrenak and thyroids will be used for extensive 
histological and cytelogical studies. The bird skins will bo placed 
in the U. S. N'alioual Museum. 

Dr. Bernard Lowy, of the botany department of the State Uni¬ 
versity of Iowa, spent several months on the island studying princi¬ 
pally the fungi, luatiug large collections and many observations and 
taking many notes and photographs (more and more essential in 
mycol^). Of Slyxomycetes and Phycomycotes he collected more 
than 70 species and made a thorough study of lus specialty, the 
Auricularias. He also collected much material from tho Ascomycetes, 
the Basidiomycetes, and the Fungi Imperfecti, as well oa lichens, 
inOfises, and liverworts — the last two groups being exceptionally pro¬ 
lific. Of the Meliolales more than a hundred species have been de- 


SECHETARY'S REPORT 


137 


fi 4 !;rjbed from the island. Dr. Lowy was most fortunate in obtaining 
excellent specimens of Cotdiceps. He was not limited by liis special 
interest in the fungi, but collected also many of the higher plants, and 
obtained rich matennl and notes particularly on the unique saprophy te 
Opkumerti panamenm and the very rare achloriferous Afi^danihes 
f acourtioB of tlm family Eafllesiaceae, known only from tlie island, 
growiiig on Xylomtft^ 

Dr. Sicholaa E, Collias, of the zoology department of the University 
of AVisconsin, spent scveml months studying the population density 
and social oi'ganization of the island^s howler-monkey clans, for 
comparison with die studies made 18 jeare ago by Dr. Carpenter. 
He had with him as collaborator Charles South wich, graduate student 
of the University of AVisconsin, Department of Wild Life Manage¬ 
ment. The study showed significant clmnges in the number of indi¬ 
viduals, location and size of the clans, reduced sex ratio, and proportion 
of young in each clan. Detailed studies of the daily locations and 
movements of the Lutz clan were made over an extended^ period, 
preliminary to llie census. Tlie task was much greater than it would 
seem at and suggests the desirability of asking scientists who are 
on the island, with time to do so, to make similar observations of ^is 
particular clan. Tliese data should, over a period of years, yield 
information that may eiplnin why there are such significant changes. 

During bis stay Dr. Collins also definitely identified 123 species of 
birds, including several new to the island list. Charles Soutliwick, 
wlio assisted Br. Coilias, made significant observations on many of 
tlie otlier mammals. In this work the two covered the endre island. 

Dr, Loms J. Milne, professor of zoology, and Dr. Margery Milne, 
assistant professor of zoology, of the University of Kew Hampshire, 
came to the island to study the light-sensitive structures of animals, 
particularly the invertebrates. Wliile on the island and in its vicinity, 
they exposed more than 3,000 feet of lO-mm. Kodachromo movies, and 
a largo number of 3o-mni- color stills and 4-x-S black and wliitea, 
a'bicli comprised a well-docnmcntecl account of the plants and animals 
of this part of the American humid Tiopics. They also Jiad the oppor¬ 
tunity to study in great detail tbo rare Peripatus. 

Dr. Hazel R. EHis, head of the biology department of Keukn Col¬ 
lege, Keiika Park, N. T., spent considerable time on the island study¬ 
ing the bird life, particulorly nesting habits and songs. Although she 
noted 70 species, her interest was not in the number of different kinds 
of biid-s but rather in observing bow they live and behave. In detail 
she studied ibo fruit crow {QtariAa puTfurata),ol whose habits little 
is known. She also made lengthy notes on the nests of the tinnmou, 
Hickss seedeatcr, the double-toothed kite, tlie lioat-tailed fiycatcher, 
the tityra, the spotted antbird, and the Nicaraguan hermit humming¬ 
bird. Dr. Ellis also made observations on most of the more coniintm 
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manunals and on tl» plants, particularly those that are used by birds. 

Robert M. Laughlin, student at Princeton UniTersity, came for an 
extended stay and made many interesting obserrationa.^ He dis¬ 
covered the nest of the double-toothed kite not previously noted. Also, 
be added the second-known record of the red-thigbed dacnis. During 
his stay he identified 06 species of Iiirds. He also made observations 
on eight of the mammals and took back with him about 600 motlis and 
other insects for further study. 

Dr. Serge Korff, professor of pliysics, New York Univeraity, end 
Mrs. Korff, revisited the island, on their return from Uie Fifth South 
American Congress of Chemistry, to continue their observations on 
plants and animals. 

Robert Lewis Gumming, student at the Uni versity of Florida, spent 
considerable time on the island during which he made a very thorough 
study of the dragonflies and damselflies, increasing the number of 
^les previously recorded to 38, including a number new to science. 
Ho made careful notes on the ecology of the Odonuta. In addition 
Jie added valuable data on the mammals and birds. 

Br, Carl Koford, of the Museum of Vertebrate 25oology, University 
of California, and Mrs. Koford spent a week on the island en route 
te where they will spend about a year in research work. Dr. 
Koford was interested mainly in the vultures, and Mrs. Koford spe¬ 
cialized on the bats. 


Dr. John H. Davis, professor of botany, Univcisity of Florida, 
returning from New Zealand, visited the island to acquaint himself 
with tho flora of the humid -4juerican Tropica, particularly its ecologi¬ 
cal He was so impressed with the plant life, and with the 

faciltti^ the island offers for study, that he plans to make it possible 
for students of his university to study there. While at Bano Colo¬ 
rado, he made a good collection of plants, 

Robbins, botanist at the Auckland University, on trensfer to a 
similar pc^ m the University College of the West Indies, in Jamaica, 
acoompanietl Dr. Davis, to observe the tropical flora and, in particular, 
to make a good collection of mosses, which are bis special field. Both 
he and Dr Davis were greatly impressed with the opportunities for 
research olTei'ed by tlio island. 


Dr. Francis J. Ryan, associate professor of soology, Columbia Uni¬ 
versity, and Mrs. Ryan, spent a short time on the island while en route 
to the Fifth International Congress on Microbiology at Rio de Janeiro. 
T^cir ^jective was to get acquainted with the plant and nnin^ n] life 

of tho humid Tropics preparatory to a return later for more extended 
research. 


Udlie I. Laughlin, aviate director of admissions to Princeton 
Univereity, remo, with his son Robert, to observe the birds and mam- 
maJs of the Tropics in their natural environment. 


SECnETAfiV'S ItBPOElT 


130 


Dr. B, T. Scholes, of tlie medical staff of Gorgss Hospital, and 
Mrs. Scholes, spent considerable time on the island studying Uie bird 
life and added many valuable records ^hicb will be incorporated in 
Dr. Eisenmann's list of the birds. They took a splendcd series of 
Kodachrome photographs, part of them with a long-range telephoto 
lens, 

M. Francois Edmond-Dlanc and Mme. hi. C. Brot, from Franco, 
visited the island to study at close range the birds peculiar to Uie 
Atnoricau humid Tropics, 

Dr. C. C. Sopor, director of tlie Tropical Besoarch Laboratory of 
Eastman Kodak Co,, continued and expanded this finu’e exposure 
tests, assisted by Paul llonulo, physicist, and Ismael OUvares, micrO' 
biologist, Tlie results are most gratifying and emphasize the need 
of Bucii tests to study the rate of deterioration and corrosion. After 
10 years, the importance of this work is more and more evident, and 
Btirro Colorado Xslimd is particularly well suited for those studies 
and for the evaluation of biocides. 

Dr. Walter F. Clark, of the Research Laboratories of EasUnan 
Kodak Co. at Rocliester, and an authority on infrared photography, 
revisited Uio island for his annual inspection and conferences con¬ 
nected with the tests under way. He also did considerable cipcri- 
mental color photography, particularly under difficult conditions. 

Dr. Alexander Wetmoro, Secretary of the Smithsonian Institution, 
revisited the island and held conferences with the resident manager 
on plans for the future of the Area, projiosed improvements, and 
details of the new building, and solution of tho problem of an adequate 
supply of electricity. As in the past, W. M, Perrygo, of the U.S. 
National Museum, accompanied him. 

John E. Graf, Assistant Secretary of the Smitiisonian Institution, 
likewise revisited the island and held conferences with the resident 
manager, particularly regarding tho plans for the new building and 
the matter of electricity. He held conferences with clectricfll engi¬ 
neers of the Panama Canal, with Dr. Soper of the Tropical Research 
Laboratory of Eastman Kodak Co,, and others, and mtido a thorough 
inspection of the island installations and facilities, discussed opera¬ 
tions, and worked on plans for further improvements ami expansion. 

Ttiomas F. Clark, administrativo accountant of the Smithsonian 
Institution, made a special trip to tlie island to establish the required 
procedure to be followed in advertising for bids for Ae new building, 
the inclusion of additional provisos in the specifiMtions, the opening 
of the bids, tho awarding of the contract, the various bonds required, 
and other details 

The resident manager continued his special research pro 
particularly the long-term termite-resistance tests, and completed his 
forty-third report. He also continued the fruit-fly studies, particu- 
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larly in regard to population, fi net nations, and host-fruit relations. 
The new building just erected embodies the very latest improvements 
in termite protection, hot-proofing, and (with a more dependable and 
adequate supply of electricity) humidity-temperature control for the 
protection of the library, berijarium, microscopes, balances, and other 
delicate laboratory apparatus. In addition he made a detailed study 
of the problem of electricity sources, evaluating the pros and cons of 
generatoreon the island, botJi Diesel and otliore, and the use of current 
from the Panama Ginal line—the logical and economical solution, 
as set forth earlier in this report. The Bureau of Entomology and 
Plant Quarantine tests with soil poisons were continued. The large 
Berlese funnel was kept in operation and yielded an abundance of rore 
insects, mites, and other forms difficult to find in any other way. 

The following quotation from a letter from the late Dr. Tliomas 
Barbour to President Hopkins of Dartmouth College, June IT, IltJl, 
sptly defines the genera) purpose of the Canal 5!one Biological Area: 

*T don’t think 1 have ever received a letter that wamied the cockles 
of my heart more immetltately than did your letter of Juno 15th 
• • •- No man ever goes to Barro Colorado Island without being 
a more inspiring teaclier on his return. This remark has been made 
to me by men connected with over a d^en institutions. I emphasisJe 
this feature becau-sa so much has been said of the opportunities for 
research that I sometimes feel that the opportunity for jnst the plain 
broadening of man’s mental liorizon lias not always been sufTieicntly 
emphasized.” 

VISITORS 

There were fewer visitors this year thaii the year before. Among 
numerous others were the following: The Honorable John JI. Vorys, 
Member of Congress from Ohio and a Regent of the gmltlisonian 
Institution, with his family; Col. Stauclley Carpenter, in charge of 
the army malaria work on tlie Istlimns; Marvin Keenan, in charge 
of the army’s sanitation; Tlie Honorable IMonctt Davis, Ambassador 
to Panamd, with his family; several Boy Scout and Girl Scout troops 
with their leaders, and also a lai^ group of these leaders; Irving 
Johnson and members of the Yavkee; students from IjaSalle College 
and Miramar College of Pnnnmii, with their professors; Frank E. 
Mssland, Jr., and family; members of the Balboa Camera Club; Dr. 
John B. Chadwick of Gorgas Hospital; several groups of high-sehool 
students from Panomd and their teachers; Dr. J. Russell Smith, of 
Colombia University; Dr. Noinian Elton, director of tire Gorgas Board 
of Health Laboratory' and members of his stall| a large group from 
the Cristdbal High School; William E, Lundy of Balboa, Don Biery 
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and other members of the Institute of Inter-American Affairs, and 
members of the staff of the United States Embiisay; Ambassador 
Mariani of Italy with hia family; Dr. David Potter, of Clark Um- 
veisity; members of the student elasa of tlic Balboa Junior CoUego 
under the leadership of Prof. George O. Lee; and William Burgoyno. 

The outstanding scientific event of the yenr was the week-long Con¬ 
ference on CotToeion and Deterioration, in which the Island partici¬ 
pated, and which w*as attended by a host of delegates from the United 
States. More than 40 of the delegates visited the island as part of 
the program- 

RAINFALL 

In 1950^ during the dry season^ rains of 0,01 inch or more fell ™ 
30 days (84 hours), and during tire wet season (8 months) on ^ days 
{&4T hours) ; a total for the year of 237 days (1,031 hours). Minfall 
was 7.44 inches above the 26-year station avemgp. Kovcmlrer and 
December were the minicst montlis (54 days, 352 hours), 4LG4 inches, 
36.3 percent of the year’s total. The dry season, while below average, 
was considerably wetter than that of 104®. 

Tamit. 1—Annual ra^nfaU^ Barm Ualora^a lalani^ C, Z. 
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Tj^ble 2.—Cfluipan^on fl/ 1S0 and i9SO rainfisU, Bartij Oo/oraffo C* Z* 
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FISCAL REFORT 

During the fisciJ year 1951, $10,T81,87 in trust funds iras available. 
Of tins amount $10,555.07 vras spcntj leaving a balance of ^26-90. 
In addition to this, $583.30 is still on deposit^ representing local 
collections. 

Tha follo^ring items are paid out of trust funds: Food, freight, 
and express, salaries and trages, office expenses, parts and repairs to 
automobile, parts and repairs to floating equipment and to generators, 
and sundry bills for general upkeep. Food represented 32.5 percent 
of ths total expended, and salaries and wages 57.4 percent. 

During the year $868.50 was collected as fees from scientists, 
$126.50 more than the previous year- 

Despite the rising costs of food, wages, and other items, w^hich were 
higher than the previous year, the labumtory has not yet increased 
its per-diem charge to scientists for meals and lodging and has con¬ 
tinued to give a SS-pei^ent discount to Uiose who come from institu¬ 
tions that sustain table subscriptions. 

Tlie following institutions continued thtir support to the laboratory 
through the payment of table subscriptions: 

EostDitiD Kodak Cfl— -- ——000^00 

New York ZooIue^caL Society.--- - -^— 300.00 

Auirrlcaa ^lasvuni cf Natumt His^Eery ____ _ _ 000.00 

Smttbooaiau IriatStiitlon— ---—— 300.00 

It is most gratifying to again record donations from Dr. Eugene 
Eisenmann of Sew York. 
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In addition to Its table subscription, the Smidisoman Institution 
contributed $5*600 from its privato funds, included m the 

$10,781^7 in trust funds, mentioned above. Other expenditures 
amounting to $i.a4l.38, made from bmg the total 

Smithsonian contribution from private funds to ¥f,Ul.iS. 

The Smithsonian Institution further allotted Jl8,000 from 
uient^appropriated funds, of which tJie sum of $13,100 vras expended 
for the new permanent building. 

AcatNoWLKoauEKTs 

We wish to express our appreciation for the whole-he^d coo^ra- 
tion of the various units of the Panama Canal and tbo Riuuraa Rail¬ 
road Co., to become united at the start of tl^ new M year ^ the 
Panama Canal Company, a corporation. We 
same cordial relations with the new mpni^tion. 
acknowledge especially the assistance of the 

Canal Brie. Gen. F. K. Newcomer and his staff, A ton wmte ana 
S^„?gtogKriri<.ni th. v.riou, unilaof to 

the Panama Railroad officials and employeee; the Municipal hngi- 
H^an. CUaf of to P»U» to 

abla aan oadar Ito. Tha police Imva 
suppression of poadiing, which js s 

trespiies on the island is not so giieat as mig e expet 

Bsspoolfully snhmitttd. ,^z„„k,«„Wc»< UmMcr. 

Dr. A- Wstmokr, 

SiCTeiary^ Smithioraan ImttiuUon. 


APPENDI]( II 


Report on the Library 

Sm: I have the honor to submit the foi lowing report on the activities 
of the Smithsonian Library for the 6sca] year ended June 30,1051: 

re<!eiV 0 d in the libi'airy during tJie year 
from 01 foreign countries, dominions, colonies, and protectorates, as 
well os from the United States. Access to this world-wide literary 
coverage of scientific atid cultural progress in its own special subject 
held^ so important to the work of all branches of the Smithsonian 
Institution, is made possible largely by die cordial eschange relations 
maintaiD^ between the Institution and the academies and learned 
societies, the universities, museums, art galleries, observatories, and 
other scientific and cultural organisations both at home and abroad. 
This year 485 new exchanges were arranged, and 8,227 books, pam¬ 
phlets, and periodical parts were received as the gratifying result of 
576 special requests sent to issuing agencies for publications needed to 
hll gaps in our collections. 

Although tJie ^larger number of the library’s acquisitions wore ex¬ 
change publication^ gifts were also numerous, and 9,552 volume 
pamphlets, and periodicals came from many generous friends bolls in 
and outside the Institution. Tiie largest single gift of the year, a 
collection of some 500 books and periodicals on philately, presented 
Malcolm Macgregor, of Bronxiiile, X. T,, is an specially noteworthy 
addition to the philotelio sectional Itbraiy in the Dopanment of 
Hi.>jtory. 

M^t of the 2,1] 1 volumes purchased during the year were recent 
publications, but a few were some of the older out-of-print works 
needed for reference in the iluseura and the Bureau of American 
Ethnology, which fortunately came into the market at reasonable 
prices. Sutecriptions for 348 periodicals not obtainable by exchange 
were also punehasi^. ^ 

The grand total of 19,016 publications transferred to the Library of 
Congress included 5^21 ciirrentty received volumes and periodicals 
record^ and marked as permanent additions to the Smithsonian 
Dep«it there. Otliers wore 1,526 doctoral dissertations mostly from, 
foreign universitiea, and 12,160 documents and tniscelianeous publica¬ 
tions on subjects having no immediate bearing on the work of the 
Institution. 
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Xotewortlij pubiicationa lUiiohg lUe 3,859 tiunsferretl to other scien¬ 
tific libruries of tlie Govemnient were 004 jiiedieal disseitntions sent to 
the Army Medical 

OiUlogiii^ and enirj' of ciirreiit acceeeions of books end periodicals 
were kept up, bat with diOkuliy under the serious Imiidicap of under- 
stalling- 

Tlic number of volunics cataloged wns 6,991, and $9,981 cards were 
filed ill catalt^ and sliclflists. Periodical entries niimbered 17,854. 

There was little opportunity to continue the much-neetlctl work of 
correlating and unifying entries in tiie periodical records with tJiose 
in the catalog, but some progress W'us made in tlio last quarter tow’ard 


completing tliis project. 

.iln important piece of work completed by the staff was the check¬ 
ing of Smithsonian serial lioldiiigs for inclusion in the forthcoiiiing 
Supplement to the ITnion List of Serials in Libraries of tlic United 
States and Canada, consisting mostly of new titles ptiblislied In the 
years 1944—49. The library reported holdings of 473 of tbe titles list^ 
in tbe checking edition, and added 19 new titles not appearing^in 
the checklist. This cooperative undertaking on the part of the prin¬ 
cipal libraries of this country and Canada results in the continuation 
of one of the library’s most useful and time-saving bibliographical 
tools. 

Small withdrawals were frequently made from the collection of 
duplicates, and 2.415 pieces from among tlic titles specially wanted 
by purticipating libraries of the United States Book Exebange were 
sent to the stock]>iIe at that center for exchange credit. 

With funds allotted for binding, 1,250 volumes, mostly periodicals, 
rvero prepared for binding and sent to the Gorcnimcnt Printing 
Office. In the Museunt library, 1,300 old books and pamphlets, some 
of them irreplaceable, were repaired. There continues to be a large 

Imcklogof binding and repair. . • i 

The libraiy’s service to readers and research workers, both in and 
outside the Institution, its primary reason for being, is so full of 
intangibles that statistics of circulation and such other countable 
records os it is possible to keep, where there arc so eceutra ixe 

units wiUiout immediate library supervision, can do Utile more than 
suggest the actual work and time required to produce the nght pub¬ 
lication or to answer a question accurately. . , , . n 

Tlie reference use of tbe library was increasingly heavy m all its 
branches, and answers to 17,(558 reference question were given, m^y 
of them requiring hours of painstaking research among out-of-the- 

I^an-desk records show that 11,809 publications were borrowed by 
members of the staff of the Institution and by 101 different Govern- 
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Disnt) univprBity, And othAr libiAriAS tUiou^hout tbs country to wbich 
]f40S books nnd periodicals were sent as intArlibrary loans. 

The library, in turn, borrowed 1,398 books from the Library of 
Congress, many of which were Smitlisonian Deposit copies, and S9T 
publications wore borrowed from other libraries, chiefly from the 
Geoiogical Survey, the Deportment of Agriculture, and the Army 
Medical Library. 

Overcrowding and undorstafSng continuo to be the library’s most 
serious unsolved problems- To find shelf room for new books In 
stacks, branclies, and sectional libraries already tnsetl beyond their 
normal capacity requires continuous coutrivance of makeshift arrange- 
mentit and rearrangpmeDts. 


BUHUARIZEB 


Aeciitiom 


Aatropliyalcja Obsen-ikti>ty (including Radiation nnU 
_ _ _ _ _ _ 

Bureau of American Ethnology _ _ ___ _ 

National Air Muaoum. _ ____ 

National Colloctionof Fine _ 

NatiODoi Muaeirm_ _ _ __ 

Nationni Sooiogieat _ ___ 

SmitbsoTiiati Depeusit at the Libniy of Congress” I 
SmiChfloninn 

Totai . . . 


IVithMf 

iVtfi r«w^ 

24S 

13p S21 

123 

3ip m 


210 

280 

12.4Sa 

3p ^30 

240,331 

3 

4, 199 

1,195 

5S3, 475 

340 

33. 7S3 

5, 703 

932, 740 


Neither itioonipleto volumes of serin] publicnttoiis, nor gepstraie^ 
nnd reprints from serial publkations aro included in tJicde figures* 


ExchatfffeM 

New oxclinngoa arranged._________ __ 

tin of tljes# wore aaflJeiiet] to the Sniitlisonlan DenosU i^iho Ll^orj 
of Conrrosi 

Speeifliiy riHjiicstM pnbUcutlonB rijcelvcd_^_^_______^ 

001 of Uieeo wetio nbulneil to fill g^pa in Stattb^onLon DoposLt seta. 


Uatalopififf 


Volmuca aad ptmnltlcta catalo««l_____ 
C»Ml9 added to cBtBlO£B and abeUllata^^, 


P€ri{>4ical$ 


PerloclicaL pans _ _ 

Circulation 


e.£rD2 

20pftei 


I-iOacia of Iriioka and porlodJcalsu^^_ _ _ _____ 

Clrculatlob of booVd and perlodlcala tn the acctlnaal librarlea of'tae 
Uiiaeum la not nmated dcept la tte Dlvislcin of laaecta. 




















SECRETART'S REPORT 


147 


VoluUkM sent t& the tlnderj— -- --—_ _ Ip 

Volumefl repaired ta the Maseam-----*——- IpSOO 

Rcsapectfutly submitted- 

Leila F, Clare^ Libranari. 

Dr. A, Wetmohe, 

Secret^^ STmtkiOTu^n 





APPENDIX 12 


Report on Publications 

Sib: Z have the honor to submit the following report on the publi¬ 
cations of the Smithsonian Institution anij its brandies for the ;ear 
ended June 30,1051: 

The Institution published during t3ie year 6 papeiu in tlie Smith¬ 
sonian Miscellaneous Collecttous, 1 Annual Bepoit of the Board of 
Eegents and pamphlet copies of 16 articles in the Be port appendix, 
1 Annual Beport of tlie Secretary, and 2 special publications. 

Tlte United States National Museum issued 1 Annual Report, 10 
Proceedings papers, 4 Bulletins, and 2 Contributions from the United 
States National Herbarium. 

The Bureau of American Ethnology issued 1 Annual Beport, 2 Bul¬ 
letins, and 2 Publicatiotia of the Institute of Social Anthropoloigy. 

Tlie Freer Gallery of Art issued 2 Occasional Papers and 2 special 
publications. 

Of the publications there were distributed 123,401 copies, which 
included 8 volumes and separates of Smithsonian Contributions to 
Knowledge, 13,237 volumes aud separates of Smithsouian Miscel¬ 
laneous Collections, 21,972 Tolumoo and separates of Smithsonian An¬ 
nual Reports, 2,907 War Background Studies, 4,829 Smithsonian spe¬ 
cial publications, 31 reports and 190 seta of pictures of the Hardman 
Alaska Elrpedition, 52,870 volumes and separates of National Museum 
publications, I0,i560 publications of the Butvau of American Eth¬ 
nology, S,817 publications of the Institute of Social Anthropology, 
26 catalogs of tiie National Collection of Fine Arts, 1,985 volumes and 
pamphlets of the Freer Gallery of Art, 8 Annals of the Astrophysical 
Observatory, 2,452 reports of tlie American Historical Ass^iation, 
and 503 miscellaneous publications not published by the Smithsonian 
Institution (mostly Survival Manuals), 

In addition, 28,427 picture pamphlets, 76,193 guide books, 24,566 
natural-history and art poet cards, 20,342 seta of photo cards and 
picture post cards, 46 sots of Nortli Anicrican Wild Flowers, and 0 
volumes of Pitclier Plants were distributed. 

SM1T1I30N1AK UlSCELLANEODS OOLLECTIOXS 

In this series there were issued 1 paper in volume 111 and title pnge 
and table of contents to tlie volume, and 4 papera in volume 116, as 
follows: 
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T0L17ME 111 

19. Tree ^rofFtli and mlnfall—a fltudj af <!OfreliitEeTn and m^thod^ bj 
WildoaOI<>ck> 47 1^.. 7 figs. (mi. 4010.) OcL25.im 
Title and table of content^. (PubL 4029.1 Dec. 19, IQ^. 

tOLxniE 11 a 

N&, 1, CompanitST# sladles on tbe Jews of mandlbulate iirtliropods, by E. R- 
Snod^Asa. S5 ppr, 25 (Psibl. 4018.) Wot. le^, ItW- 
Xo. 2, RemalDa of land innmiiiaEs from the Uloccae of tMe C^besopoAki^ Bay 
ro£loa, by C. Lowla Gailo ond it Lee ColWofl. 21 pp.. t (Pabi, 4010.) 
Oct 12.1050, 

No. 4. Piedpltallon and tempera loro In tFasliInBtor^ D, C., for lEHIO and 
im, by C. G. Abbot 0 pjjr. 2 llge. (FnbL 4W5-J aiar. 2. lOfSt 
Na 0. A new a|>eej 0 s of tbe Jurasalc braclitopod ^ana BcpUrJti^nch^n^ by 
Helen St Mnlr-Wood and G. Artbnr Ooopet B pp., 2 pla. (PobL 4047.) Jitdp 
&. IIKSI. 

SStlTHSONlAN ANNUAL REPORT 

BepoH for —^The complete Tolume of the AhuurI K^port of 
the Board of Kcgtols for liMO wns received from the Public Friiitor 
on August 24,1950: 

Annual Beport: of tho T^onrd of Re^nts of the Sinttbsoulan InstLtntlon Ebow^ 
In^ the operations^ axpendltures, and condUIon of ibe InsUtullon for ttke year 
euded June 30, ItHO. 11+423 pit, S2 pL^., 24 Ogs, (Pabl. 3000.) 

Tlio genera) appendix contained the following papers {Pubis. 
3907-4012): 

Tbe CormotlDn of stars, by Lyman Spittiert Jr, 

The orlgfti of the earthy by Tborntan Paffe. 

The SOCUncb telescope and seme problems U may boItc, by Edwin Hnbbla. 
The determlniUon of precise lime, by Sir Harold Spencer jone& 

The elenietttary partlclefl of phystca, by Carl D. Andersoih 
Recent aitvancos In virus reseurcb, |py Wendell -W. Stanley. ^ 
tJrouniS-wftter InvcslIgatJons IM the Utilieil Stat«i, by A. N. Sayre* 

^todern soil sclenceT by Charles E. 

Time In eTolutLonp by F. E- Keuner. 

More about anitnal bohnvlor» by Emesi P- Walker* 

The breeding bablts of weaverblrda: a study In the Wolofiy of behavior tiattems, 
by Hertsert Ftledmano- 

New Zealand, a botanlet'a paradlaei by Epbert n. Wiilker* 

The archeolo^cal importance of Gufllemnla, by A. V* Kidder. 

Earata lions nt the prehistoric roefc-sheUer of I*a Colonibhtre. by HuUam Ll 
M orins, Jr# 

Ronne Antarctic research eipe«lltlon# 1SI43-im by Comtaander Flttc Roonfr 
The atate of aclepee, by Karl T. Compton. 

Hepori for 1960,—The Beport of the Secretary, whidi included tho 
financial report of tljo executive committre of the Board of Regents, 
and 'irhicit wilt form part- of tlie Annual Report of the Board of 
Regents to Congress, was issued January 8, '- 
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of tlie Secretary of tbe SmltliaoDJaR lnstltuUoii iiii<l RiuiiicIAl report 
at the execatlro cnmtnlttec of the Boortl of Refi,'ODta for the year ended Jiuie 30, 
lOSO. IX-3-lGl rp., 2 pis. {PobL 4020.) 

SPECIAL PUBLICATIONS 

Brief Foide to the Sintthsonlaa IiieUtotloii, £tli edition. 80 pp., IUha [Uflr. 
1, lSSl.1 

The Snilthsonliin Inetltutloii; A description of its worJt. iM pp, Jaaniir 
1001. 

PUBLICATIONS OF TUB UNITED STATES NATIONAL MUSEUV 

John S. Lett was appointed editor of the National Museum on 
Kovember 13, 1950. The Museum issued during the year 1 Annual 
Report, 19 Proceedings paiiers, 4 BuHetinE, and 2 papers in the Con¬ 
tributions from the United States National Herbarium, as follows: 

ANNUAL ItEPOBT 

neport oa ILe progress and eondltlon of Otc United States National Uaaenai 
for the year ended June 30, IflOO. PP- JoD' 10, 1051. 

rROCKEOtNGS: TOLITMG DS 

Title ptise, table of coDtents, list of Ltiustiations, and tadei. 1-xl, E!23-fi53. 
Apr. 17, laSL 

FllOCEEDlNOS; VOLUUS 100 

No, 32G0. Some new gastropods of the faiaily CiausilUdae from the Philip¬ 
pine lElBads and Slain, hj- P. J, Loosjes. Pp. 1330-545. ttga 51-53. Nov, 13,1050. 

No, 31N0. Three new epecles of flohes of the gemia CirrAjlui (fonlly di- 
rhlttdac) ftom the Indo-Paebtc, by Leonard P. SchuLls. Pp. 547-552, pi, 13, 
July 25, mo. 

I'KOtJCEDINOS: VOLnUE IQl 

No, 32it. A rcrUlon Of the beetles of tbe genua J/yocAroua, by Deris Holnics 
Binhe. Pp. 1-64, pis, 1-8. Dec. 27, lOisa 
No. 3272. The Dccantc Crabs of the genera Pin nos and Pachpprapsvs, by 
PeMorA.Chnce, Jr, Pp. 05-103, flgs, i-S, Jan. 30,1051. 

No. 3273. New marl he Isopods, chiefly frotn norther a Gallfornla, with not** 
on related fonns, by Boben J. Urnsties. Pp. 105-150. flgs. D-33. Feb. 13,1051, 
No. me The beliatntb parasites of birds, lit; DlcrocnelLId tfematodes from 
North American birds, hy J. Fred Denton and Elen E, Byrd. Pn 157-202 flgs, 
34-10. Mar. 0,1051, 

No. B275. The mitss of the subfamily Qaomogiiciaslnne (Acarl: Laeiapllriae), 
by Hugh L, Kct-giln. Pp. 203-203, figs. 41-65. Feb. 2,1051. 

No. 3270. A new Caribbean coral of the genus Ohrynofforeia, by F^derlck 5t, 
Bayer. Pp. 206-273, flga. 50. 57, pi. 5. Feb. 13,1051. 

No. 3277. BeTlslDD of tbe North Aaiorlean grasboppera of the Conatcam caun- 
rles. by Ashley B. Gurney. Pp, 2771-304 flp. 5S-66, pis. 10,11. Feb. 2.1051. 

No. 3273. Flesa from the Upper Sonoran gone near Albuquerque, N. Mex., by 
Lelts Add WUlJama and C. Ctojton Hoff, Pp. 305-313, fig, flfl. Jan, 22, losi. 

No. 3270. Some dlgenetic tremstodiM, including eight new spcelse. freia mn- 
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niie flslies or Iji Jollji, Calif., bj HnrnSd W. Manter Bud L Vita Clen^ 

l-p. pla. liar, SS, 10C#L 

No. +S2iS0. ranisEllc CnistHitTi from BiioEnl, by A. S. l’p*n*e. 

itg*L di-rr. Peb. 2.1051. 

No. a2Sl. Xewr Hud nillt-kTir.wp bees of Ebe farntty Audrey Idue from OilifomlH, 
by P, H. TitubeDolw, Pp. Apr. 2S. li>5L 

No. Thtf ii«.-tlaljin ftitxim of Sb%* Golf of CuUfnroU, by Onknr Cmrljfn-o 
I-p. 415-149. !i^ T8-S4. pL 14. Slmy li. iSfiL 

No, a2s3. NciTia on uLrya^jmirird bifcHkiit uf ih^ snhfnmiEy Cbrnmij^hijii*, wlfb 
doscHprloua of new by F- SlnnrAs. l*p- Oks, 5. 

mi. 

No, 33^. Not*^ no ft berpotrstofl^ml co>lerrinfi frnta ilnvacji mibd nTh^T b^ilUiert 
Id Moxlni, by Fttiioflrlc A. i^liHiiiioii. P|q. 4IE.V-4W4. bjTH. JlNy IT, lli5l. 

NT^ 32?<.1, iittkrri. a ««f butli*ilJyplN±i i ChoHiKlonTidn.*) 

from rbi‘ Ho Willi AO lEiuntia, br Lieoijard P- ^bnmt Pp. 4Hrt-4?si, bg. IH. pi. 15% 
Jli&e 15, lOfil. 

Nn. 32?®. 5toEbo of tbe gpnus r^rsniHJofia Bmapstm, l>r WEIISom D, Ft«ld- Pp. 

90-90. May lT, lOaL 

BGIXETINS 

SO. pflrl 11, Ftlrrl^ of Nfirfh nnd SlidtJlp Am^ricft. FamllSo* Catliftrtlilae* 
Acripltrldao, Pnndlnoidao, Falcuolda^ir by Ht^rlw^rt m^Klicaun. E^. I-eIEI, 1-79^1. 
&1 figs. Srpi. 29. IOTtO, 

82- A toEifkDin'Dpl] of tbe es'l^tlbg Cftnobls^ VotoEie V# Tbo coma hi If d*. Fart 
d^r^Siipprfu Hilly TriHiiiH>mt*[rErtrf it bp fnmJlleF* Tbolji.’<j^in>ttrliljip map! iTtuirltuaie- 
[rldiifr^p by Austin B^ibiiri ClarK- Pp. l-'>'iF l^3S3, 32 p}K Aup. 10. 1050. 

Hjo. Tohinip 14. port 4. CiipejuKlft gatliprnd by ih^ Unit'd Stah* 

Bt^ioer Al biTffott Ertun 18S7 to 10OU, ^hlc-fly In the Fnctflc Ot'ean, hy Clmrlei 
Hhmt h \\ i\^m. ETi l-ls, 141H-B. pta. 2^. Ool. 17. liina 

100, An annotated cbet'ltilMt and bey to the feptlb^A *pf Mtfjlro e^cIrtHhe of the 
Auakes. by Eliibarl M. Smllh and Edward il. lay lor. 1 -t. 1-^353, OcL 10, 
1U50. 


€ONTHlUCTlDXS FROM THE UNlTl’-P STATES NATTONAL HEllRARttrB 

votHcnuE 

Prti-t 10. Sludlafl Id the Prom^^lEmreae, XTI, by Lynuin E. SmSlh. Pp. I-tUI, 
42£K520. dgii, 3T-Ta Juae SO. 1051. 

TOI.tTKS 31 

Van % The AeaDEhareAe gf Colombia. 1, by Euiery C. I^oard, Pp, l-Hr. 
fiEa,l-*P. Junes, 1951. 

FUBLTCATfO.^^S OF THE BOBEAE OF AMERICAN ETHNOWKlT 

Tltc? eilttttrinl work of the TSitrcau con(inue<1 «ndpr the immediAle 
Jirwtion of the wfitor, M. nelen Pti Imer. During the ywir there were 
issn«I I Aimunr Report. 2 Bulletins, mid 2 Publications of the Institute 
Ilf Social Antliropology, as follows; 
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ANNUAL BEPORT 

SUtp-uTeoth AaudaI Report of tlie Bureau of AmerlCAD BtliDolOir, iMIl-DO. 
J14‘2&pp. 109L 

BULLETINa 

143. Handbook of Soutli American iDdiatis. JoUon B. Steward, editor. 
Volome 6. Phjalcal antbropolog?, liii£UlBtlca. and cultoral geograpliT of Sontli 
American IndlaiMi idll+TlS pp.. 4T pis,, 3 flu*., 18 auipe. 1960. 

144. Tlie northern and cenrnil Kootknn trlboB, by PMllp Drucker. 1x4.480 pp., 
6 pis., 26 flsB., 6 iBBpB. 1951 . 

FUmAUATIONS OP TlIR rNSTlTOTE OF SOCIAL ANTBROPOLOaX 

No, U, QalroKU: A 51exScoa munldplo, by l>aDald D. Brand, asalated by Jpad 
Corona NAneg. T-f-242 pp., 35 pie., 4 maps. 105L 
No. 12. Crn» doe Almas: A Bnixillan rtllage, by Donald Tierw>n. with the 
assistance of Levi Ora*. Mines Drandao Lopea. HelEm Batcbelor Pierson, CArlos 

Borges Tetreho, anil others. *+226 pp., ffllpin, 13 f^.2 icapa. 1951. 

PUBLICATIONS OP THE FRRER GALLBRT OP ART 
OCCASIONAL PAPERS : vOLCJfE 1 

No. 2. Stndles In Mmdlm Iconography, I. The tmlcom, by Blchanl Etting- 
hfliwn. 209 pp., 49 pis., 5 Ago. (PnbL 3093.1 fSept 13}. 1900. 

Na 6. A nij^l head froJO aneJeut Egypt, liy George SteJadorff. 30 pp 29 pit 
(PabL4032.) [Felv 231.1951. 


SPECIAL PUBLICATIONS 

The Peacoc-k Room. 22 ppL, S pis. fPiibl. 4024.} fApr. 24j lOJR, 

The Freer GoUery of Art of Uie Smitlisonlim InBtUntlon. 16 pp., iHu*. [SepL 
SJk 100^. 

report OP THE AMERICAN BI.STOBICAL ASSOCIATION 

The snntial reports of the American Historical Association are 
transmitted bjr the Association to the Secretaiy of the Smithsonian 
Institution and are b 7 him commimicated to Congress, as provided 
by the act of incorporation of the Association. The following report 
volume was issued this yearr 

Abntim] Export of the 4]n«TLeaa HIstDrlcn] Association fop 7 kj|_ j pf(j_ 

CKdlDfs (iDcladlDs list of iDCiail>ers). [Feb. 123], IftSL 

BEPORT OF THE N^tTIONALi SOCIETI. DAUGHTERS OF THE 
AMERICAN REVOLUTION 

The manuscript of the Fifty^third Annual Beport of the FaUonal 
Society, Daughters of the American Bevolution, was trananutted to 
Congress, in accordance with law^ February 16, 1&5L 
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APPROPRrATION FOR PBINTLNO AND BINDING 

The congressional appropnatiDn for printing and binding for the 
past year was entirely obligated at the close of the year. The ap¬ 
propriation for the coming fiscal year ending June 30, 1952, totals 
$103,000, aUotied as follows t 

General ndmlDlstratloa (Aannal Bei>ort of the af Regesta; An anal 

Report of the Semtarr)---,-—-- 118,500 

Na tlDJiftl Maseum---*------ ———— - ^ 

Rttrean of American EtlinolOR 3 ?_,—,------- 009 

National Air Museum----—--- 

Serrlee UItIeIdub (Annual Report of the American Hlitorlcal As&oeln- 
tloD^ bhnlk format hlndlnf; Musunin print ahop)-- 20^300 


Total__ _ _ _ _ - -- —- - —— ^—— 103p 000 

BespectfuUj submitted^ 

Paui^ H, OErisnR, £?Am/, EditoH^ Divhio^ 

Dr* A. WETMoaE, 

Sc^Tetaryy STnUh^onian fmtittitioTu 













Report of the Executive Committee of the Board of 
Regents of the Smithson Ian Institutiou 

For the Year Ended June 30> 

To tho Board of Begento of tko SiaUhsonian Iiuiitatioii.: 

Y'our executive couimittee respectively submits tUc report 

in relation to the funds of the Smithsonian Institution, toj^etlier with 
& stalement of the appropriations by Congress for tlie Government 
bureaus in the adminisi rative cliarge of tiie Institution. 

SUITHSON'IAN ENDOWMENT FOND 

The original bequest of James Smitlison was £104,960 Ss» 6d.— 
$500,^118.4(i. Refunds of money exi>ended in prosecution of the claim, 
freights, insurance, end other incidental expenses, together with |5ey- 
ment into the fund of the sum of £5,015, which had been witidield 
during the lifetime of AJadume de la Batut, brought tlie fund to 
the amount of $550,000, 

Since the original bequest, the Institution has received gifts from 
various sources, the inctune from ivliidi may be used for the general 
Work of the Institution. These, including the original bequest, plus 
Savings, are listed below, together with the income for the present 
year. 

ENDOWMENT FtJNDA 

r Income for tlie uonesirleted aiie of tlie lastitutloii) 


Portly depckgired la tie UnHed Stotce Treaeury at # pereeat bdiI portly larested 
III EtficlM. iHJiidit, aad «tber liulillneB 


:rttn4 
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JW 
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^ Fwrtly d^wtEed la thdi 
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Tlie Institution holds also a number of endowment gifts, the income 
of each being restricted to specific use. Tliese, plus accretions to date, 
are listed below, together with income for tbe present year. 




Anhur, fubri, tor tnvrtHpllflaa ajrf tbi Ktn ^ lannU 

trt^Bpi ^elmkr^ip W iQvwiltBt* 

ton B* or reuntrte^ sA hrr ili*n rnli^4 ^ . - ■ - — 

BUi^l. Lury fT.. ftiod, tormtlrf i PUMi^a 

JlitftirA iEw Ht#. mrmnrtol frttKi Ihr ff piinitap 

md tor ^neranurTnenl Anwrlrar 
B a^Rw , Fr^lriicl P-fc fuMl* lor ptprtbw af anlnimb tor S atlon«3 

clnfiSJ oli^itoTa mad, for iiwfT**t ilMfcurt of tlw CuiJtoLI w^lm 

C*«T!'TlK!mi!"l,', aiwi'. W m,ri»liiimn» at tlif awr ^onfrti™ iwi 

tiptwiiInD of irlatFur ra 

Chnmhtrluln. FrmuK’l!! lA EiindK^^ luttmKtad orUMC M* 

cMtofflnti or lit* Biml - --..... - - r - - - ■ i 

fltokmipyer, FViiynw tnnd, 

pF Ehr nJvf^tnKraphlP nf Hydftluh Eickj™^-J - 

Hnsyfr. Vir#Ll7fIrnt|. hr ftnd «rt Vkr^Jl Hltlffr 

AThJJ-t'i. ’ librwy tor i4» tbr nltcbc^fc 

B!Kf»Eli.»‘fMrKffi(i«tllc, ferTnrtw^Bd .jllta^liw >T»*t hid*U 

tdwi' jp r^Kpjn Ep railin' siwl proprri It* fl J*ia cBgaw^y^^ t.nthwn-' 

Pm tiPJea. A loi antE MhtIt, hind, m Ikirt pbyi3f*i Afllbrr?- 

[wtfiftv ftnri ptiidkarrii^ m eedtwciinn rh^H-Hh .. 

RoKtlta- Bnicr. mnri . in liraiari Hiighf* ^ ^ _v - 

Lwi, AfiEirnr unEl &nth T.. ruinE, tor aptwn ind pirpn^lTon arun^ 

wITwrloo i^rrmbfar^rriM. ar^. ‘ 

Myer. Cithwin* WaJrtmi. fi]»d tor l^rriiW- orfliiE rto toF 

iiAr Iirvrl bFwfll ftf ch^ S'alto-ittl roIJmlfln flE ^ 111 ™ P^il 

PrIE UvIrpUJH. mnd, hF of Alftwl Pimp FHI 

P^foi5ey"T luid flwrsf W., hmd. tff ptvtni 1 * o«r Ebr inriLtuHoo 

It“K Mlriim'ilnS'Vpiniii. luwl. Iw lB«tlpl4floi in 

Sttvkliinn lnn nA tormwiE hi wl - ... ^ - --^ ■ F^' 

aprlticFr. F«itk. {nod. <»t •«* iofrtaM m Sr^rffr hhbhtuui •nn 

fit'Sniii iV.:tiisd, 

imioilral amt pM^nEtbot^cnJ niirtto ^ piihliaiLEaK rwuUf icic™ 
Voftn^iT. nrli-n Watoi-ti.hiHdphPH It', ‘ " wf 
Z«rb«., Fnum flrimiklA.mwin hr iadiiirmeiit 
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The above fund of Mr, Freer was almost entirely represented by 
SO,465 sliarea of stock in Parke, Davis & Co, As this stock advanced in 
value, much of it was sold and the proceeds reinvested so that the fund 
now amounts to $6,613,510,49 in selected securities. 


summary op endowments 

Invited endowoieiit for genfiral purposes __ __ _ Si, 727,563.81 

endowmecLt for Bpo«l£o purposiea ether tliflD Fmr 
endowment-- - -- -- - 1, 411, 47L49 


TotAl in vested endowment atber lliBn Freer endowment.. 3,13&, 026. 30 


Freer invested endowment forepedSc purp€MeB___, .. 0, 6I3, 51d 49 

Total rnveeted endowment for ail pnrpose3^^^____ 9, 762, 636 79 


classification of investments 

Deposited In the S. Tjreaaury at 6 percent per annum, as 
authorized In tJbe U. 3. Revised St&tutee, wc. I I, 000, OOO. 00 

In vest men tfl other than Freer endowment (coet or 


market value at date acquired]: 

Botidfl..-.... . . S763, 836. 36 

-1,331,804. 91 

Real smto atid Orst-mort^e* nolaa_15, 735, 67 

Uninvested capital___ 37 ^ 5 SP, ift 

—-- 2,139,026 30 


Total Investments other than Freer endowment. . _^ 3,139^ 026 30 

Investments of Freer endowment (cost or market 
value at date acquired): 


-....__$3, 771.391.04 

.2.744,864. 10 


Uninvested capital,______ 97^266. 36 

-- - 8^ 613^ 510L 49 

Total investments,,,,,,,.^____ 9,752,635.79 


CASH BALANCES, REGEIPTa, AND DISBURSEMENTS DURING 
FISCAL VE.AR 1951 ^ 


balance on hand June 30, 1960_^._ ,, ,,,^___ 

Receipts, other than Freer endowment: 

iDcome from Inveetments....____ IiSl, 22a 23 

Gifta and cnntrlbtjUcne___105* 677- 76 

Sales of publicatloaa______ __, 64,417. 3l 

Miflcellaneouo_.^..^___,___7.929. 79 

Froceeda from reai-eetate boidiEkgH__^__,__ 31, 7811 02 

U. S, Government and other contracta (net) > » II, 15a 48 


Payroll witbhoJdlnge and refunds of advances (net). 2, 409l 60 


1379, 66a 13 


Total receipts other than Freer endowment, ___ 394 ^ 499 , 10 

* Th\i iUUa&anL 6tm 001 llkdoiliP Govenmuiit epcnoiirlAlfaiiu ludw llw kdsaliikmtltq aftbi 

rndltidicfL 
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Recdptfl from Fitwr endo^vxneiit: 

Farchase aod »lo of B&aUritJ-W--- -- ---- ----- 5lB. 78 

Incoino from im'WteQ«iita.---ww-----^.— 

Other recelptfl------ ^ 


Total receipts from Freer ondowment 
Total....— 


$ 380 . 70 r, oo 

1, iMp 880. 32 


DlsbutsomaotB other than Freer endownieot: 

AdmlotetratlDD..-..^^^-^- 

Ptiblicatlocis, , ---—— 

Library. __—^---- 

Cuetodian feea and BlmUar tncidentals-. . 

Miacellaneoua---- 

Researches.-,-—-- 

S, I. Rotiroment Syatem,,^----------- 

Purchase and Bale of o&curities (oet)-^-- 


tei, 200. 6S 
17, 024, 45 
542L40 
3pO0a32 
Ip 80^52 
i40p287.M 
3^ 617. 40 
S5, 0781 40 


Total disbnreemeats other than Freer endowment. 
DleburHmenta from Freer endowment; 

s*i«i«i„....—.. mo 4 ftM 

PiirobMea (or collectlaiu-----— 

Custodian fws and sirullar tncidentala-- 12, TOl, TO 

Miacellaaeotu---.. 39. MU 19 


ToUl dyjursements from FrMrendoTnnent.- 
Invofltntcnt nf cumnt funds ta U» S* bond*---——*-- 


Tot^ dlaburanmcnta. 
Cash balance Juno 30, 1951. 


316, !■«>. 26 


301,7£1. 2S 
746^ 76 


613,647.30 
536,209.02 


Total 


assets 


1,164, S56- 33 


Ctab: 

United State* TVeasury cur¬ 
rent account - 

In bank* and on band..---- 


6407.159. M 
129,049.11 


uninveeted endowment 
fund*__——- - - 


636,209.02 
134,824,61 


TVavoI and other advance#.— 

Gash Invested (U. B. ^^aeury notes}— 


3401,384.51 
11,798.34 
600,778,01 

-- 31,013, 80 866 


Inveetmenta—at book value! 
Endowinent funds! 

Freer GaUery of Art: 
Stock# and bonda., 
Uninvested capital. 


38, 516,245.14 
97,266.35 


8,613.510.49 
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Id vestmen ts ftt book value other 
ttiAii Freer: 

Stocks aud booda__ £2, Oi5, 730. 2? 

Eeal-Mftto and mortgage 

Dotes—*--__ 15^735.87 

Uninvested eapHaL-. _ 37^ IS 

Special depKh^k to U. 

Treasury at 6 percent 

tulerfiftt*^^____ 1» 000, 000, 00 

-*3, 130, 025. 80 

--- SO. 752, 535, 79 


10. 706. 406l 65 

t7^EX?E!f(MED rtTNDS AND EKDaVTMfiNTD 


Urieipendcd Tun da: 

[licnme frem Firear Galterj nf Art endowment__ $411, 474_ 68 

Income frum other endowmeuls: 

Rcslrictcd-^..^______ $206,749. 64 

Generals,...-. 124,01-L 09 

- 330. 768, 73 

GSftB and grants.^.______ 271^ 7^ ^7 


1 , 013 ^ 960 . 36 

__—_ $ 6 , 618 , 510 . 49 

. Sip 411.471, 49 
_ 1 ^ 727 , 553.61 

- 3 , 139 . 025.30 

- G/7SZSm7B 

10, 766, 490. 65 

Tlie practice of maintaining savings accounts in seirernl of the 
'Wasliingtot] banks and trust companies has been continued during 
the past ^<eur, and interest un tliose deposits amounted to $rj3T.fl4. 

In many irtstanccs, ilej'iosits are made in banks for convenience in 
collection of checks, and later such funds are withdrawn and de< 
posited in the United States Treasury. Disbursement of funds ts 
made by clieck signed by the Secretary of tlie Institution and drawn 
on the United States Treasury. 

The foregoing repoil relates only to the private funds of tlis 
Institution. 

The Institution gratefully acknowledges gifts from the following: 

Ldttra D. [innit’V. ni f-Mmulich AUre H'tke Bnrn{>y Metuniial Futid. ftir tlie i]ialDte> 

DRFicp nod iDcrca^ iif llic Aik-# Plk# Bairnvy coll^tlun nf puiiitlnKs und pn&tell 

and for the «ocutir[ 3 gvRivni of Atncirlcno PEtlatlc eiid^Viir, 

Escmc of Ccvrgc H. Stepbenaen, for Boiiurlng bum uf Brig. 0 «xl WllHam I*. 

M Lit hell. 


Endowment lunds; 

Fri»cr GaL-ory of Art 
Other: 

Geikrml ___ 
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Hattonnt Gwgrophic Soclrty. additional funds fur eTpodltion to matiHTi (’anami. 
Kwsbo Gram, fur Reiwarcl. In Staierlal Cnltnre. to be n«d for deaerlblne ond 
aiialraiua BlarltfiKii wremonlnl objecta to ibe t>entw An SluBeum and to 
olHoin udOli tuniil daiu from tbe India ns on tbe Blood aeserva tiun m Alberta, 

Resoanrh Corpomtlont to eo^er costa of publication of an edition of tbe Spcnwloj 

2:;s-|jliice s^fEHtliliinlc labi^ , ^ j » 

Rocltefeirer Fouiulutlon. In-ditnte of Social Antbropalogj-Slo Paulo ^ 

« aril auppori uf tbe Juaittutinfi'a Joint ptosrani with the Est^l* LlTtt de buc ^ 
lOKia e I'olftlLH de Sflo Paolo, In retsmrt h, umliiliiB. publlcatloiut. and iransla- 
tlorifl Id tbe social Kleacet 

Rocliteroller Foundation, for tnountlftB mile* on altdes for dasaiUcatitm and lllln& 
Tlie following appropriations wet* made by Congress for the Gov- 
ernmeni bureaus under the adiiiinistrativc charge of tlie Smitlisoman 
Institutloti for the fiscal >'ear 1951: 

_ _S2. 700.000. CIO 

SnEarlcR and ^ipcnew^,—^— -- - -- ^ ^ 

Nflxtqi].ul ZiKdo^cal Pit rk-- — ———— -- ‘ 

In addition, funds were transferred from other departments of Gie 
Government for espeiiditure imder the direction of the bmithsonian 
Institution as follows: 

latcrwitlanal infnrmiitlDD and B(lneati«aal AetlvJtic* (transferred 

m the Binlllisoalan thitltullan from tl.e State Dep^irtfuenO--- 103 . <■*«■'« 
WorkluB Fund, iminferred from the Nutloniil Park Servkv, Inie ur 
DepartineiJt. far urcheolvjflwl InvestlsuilMiiJi In rl«r ba^ i74_3-5,(« 

thfuiigliuut tb€ UnUed SuitM^- - --- 

The Institution also administers a trust fund for partial 
of the Canal Zone Biological Area, located on Barro Colorado Island 

ill the Canal Zoi^e. , , j ^ n 

Tim report of the audit of Uie Smitlisonian private funds follows, 

WABnl^GTOWe D, 0^, Septemhiir 7, 1S51 

To TBE EtOAJlD or HEfiETTre, 

[prSTiTu ilCSJTi 

Wnthinvi^n 25, D. G. 

We bare esaialaeJ the ao«>uata af the Smlt^anla^ *^lr’«?r*!l!‘«rof“Art 
private endowment fanda end glfta (hut eicludliiK the 
Ld .dher deiMirtuieats. bureaca ar 

uader Federal approprlatioDS) for the year ea .tandarda and 

„ j* i» .~,..«tttniie «ith mnierallv oocepied anditiui; eianoaTo*, nno 

tloa was made in r«<.rd.and aneb other audltlr* 

nccunUagly I ucltided aueb iwt* o* 

pm edarea as we eunaldercd iieceeaarf n te hini* and does not necnie In- 

The i^titotioa uviuMud 
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departments, barcsns or Dperatloas admlnifttered bj tbe IneUtctlmi under tbe 
Federnl Approprlntloni) ftod tint cash recolpta and diBbareements far tbe ?ear 
ended, In ronfonzilty with generally accepted nceonntlng princJplefl applied on 
a hasla cenatstent with Uiat of the preceding year, 

PkAT^ hl&xwtcXr MmiOELL Ae Ool 


Sespectfull 7 submitted. 

Ropekt V. Fleming, 
Vannetah Bubh, 
CiAHKNCE Cannon, 
Swecutive CcmmUtee* 


general appendix 

to tlw 

SMITHSONIAN REPORT FOR 1951 


101 
















AD\^RTTSE MENT 


Tlie object of the Geneb.\l Appeinutx to the Annual Report of the 
Smithsonian Institution Se to funiish brief accounts of scientific dis¬ 
covery in particular directions; reports of investigations made by 
Etflff membeis and collaborators of the Institution; and memoirs of a 
general character or on special topics that are of interest or value to 
the numerous correspondents of the Institution. 

It has been a prominent object of the Board of Regents of the 
Smithsonian Institution from a vety early date to enrich the annual 
report required of them by law with memoirs illustrating the more 
remurkable and important developments in physical and biological 
discovery, as well as showing the general character of the operations 
of the Institution; and, during the greater part of its history, tliis 
puipose has been carried out largely by the publication of such papers 
os would posssesa an interest to all attracted by scientific progitss. 

In 1880, induced in part by die discontinuance of an anrtual sum¬ 
mary of progress which for 30 years previously had been issued by 
well-known private publishing firms, the Secretaty had a series of 
abstracts prepared by competent collaborators, showing concisely the 
prominent features of recent scientific progress in astronomy, geolo^, 
meteorology, physics, chemistry, mineralogy, botany, zoology, and 
anthropology. This latter plan was continued, though not altogether 
satisfactorily, dowm to and Inchidmg die year 1888. 

In ibe report of 1S8&, a rettim was made to tho enrlier method of 
presenting a miscellaneous selection of papers (some of them original) 
embracing a considerable range of scientific investigation and discus¬ 
sion. This method has been continued in the present report for 1951* 
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Stormy Weather on the Sun^ 


By Wai-ter Orr RosEHts 

Sapttvittaitni ei fA« Htih jJWJu* Obitmtiory, BouSJtr. Ce!e. 


I With a plutiil 

AsTJtoxostT liag come a long way from tiie lieyday of ancient Greece 
wltcn Socmtea admoniabed the astronomers to stick to Uieir pioi^r 
business, the calendar, and advised them tliat “speculators on the 
universe and on the laws of heavenly bodies are no better than mad¬ 
men.” Instruments to obacn^e the aun, likewise, have progressed 
far beyond tlie simple pinhole viewer with which Fabric!us watched 
Uie sunspots. 

But for all our progi-ess, the sun worries ua yet with the many un¬ 
solved riddles of its bclmvior. We no longer hold, with Aristotle, 
that the sun and moon are living beinp. But we arc still at a Ic^ 
to explain many features of its behavior, such as tlio fact t at t ic 
Elm’s equator rotates faster tlion its higher latitudea. 

To solve these diverse problems, many of our ^eatest astronomere 
from Galileo’s day to tlie present have devoted major portions of their 
scientific careers to the study of the sun and the features of its at¬ 
mosphere. The growth of our knowledge has b«n vastly encouraged 
by such people as C. G. Abbot of the SmitJisouian Insblution, G. h. 
Hale of Mount Wilson Observatory, Father Secclu of th^e \ at)caa. 
Sir Norman Lockycr, Eobert K. McMath, L. d’.Vzamhuja, C. Samt- 
Jolm, Bernatti Lyot, and many otliers. And in tlie course of Uje^ 
work astronomers have given the name of Uie sun to ^ 
of new astronomical instruments, such as hehosLopes, pyr le i me 
spectroheliogrnphs, lieliometcrs, hcliostats, coronagrsp ^ 
years increasingly powerful tools of modern science are brought 
to boor upon llie sun. And th. riddloa of ilo Mmvior .to sioduiUy 

seem to bo locked up in the sun’s atmospliere^m . 

become spectacularly visible during total solar eclipse. And it 
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for this reason that aslrcuiomers trek to distant parts of the globe 
from aolar eclipse to solar eclipse, and from year to year. From time 
itiimemorial eclipses have interested men. In ancient times they ^ere 
greeted by mystic rites, and engendered fear and uncertainty in the 
people visited by them. 

As with the products of modem science, the results of the ancient 
science of ecUjise prediction gave to its users information of v^t 
political signihcance. And bo it was, according to Profi S. A. Mit¬ 
chell in his book Eclipses of the Sun, that an ancient Chinese imperial 
edict charged the court astronomerB with the responsibility for pre¬ 
dicting all solar eclipses. It appears, however, that in approiimately 
2000 li. C. the astronomers Hsi and Ho let their calendars fall into 
disorder, became dead drunk, and then were caught unawares by 
the occurrence of a solar eclipse. For this it seems that the un- 
fortunate royal astronomers were put to death. Modem astronomers, 
happily, have an easier time. They predict their eclipses with auto¬ 
matic calculators, and, furthermore, have devised many types of 
astronomical instruments with which to observe the eclipse features 
of the sun by artificial means. 

At a total eclipse, features of the sun that are normally invisible 
show up spectacularly. By extensive study of these eclipse feature^ 
modern astronomers are making great progress in attacking the un¬ 
solved pmblcms of the sun. But let me turn first to a diacussion 
of some of the home facts about the sun. 

The sun interests astronomers particularly because it is the near¬ 
est star to earth. It is the only star close enough for them to study 
in great detail. All other stars in the eky appear as mere pinpoints 
of light, even in the most powerful telescopes. But on the sun, in¬ 
dividual features are readily distinguishable, and we can gain a rela¬ 
tively intimate view of what goes on in a rather typical star. 

As far as we on earth art concerned, the sun is distinguish^ pri¬ 
marily by proximity. By comparison with the other stars, it is a 
rather undistinguished body. It is neither extremely largo nor 
. strikingly small. It is midway within our realm of esperienco as 
to brightness, color, chemical composition, and many other char¬ 
acteristics. Fortunately for us it is also a very stable star, not 
partaking of the violent excursions that characterize some of the stars 
we have studied in detail. The sun is a more D3 million miles away. 
The nearest other star wo know of is more than 200,000 times farther 
from us. Its proximity makes the sun by far the most important 
source of eaergy available to man. This tremendous available reserve 
of heat, light, and other radiations provides a olunate and environ¬ 
ment favorable for life as w'e know it here on the eartlu 
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The sun is en enormously Ispge sphere of ges. Nowhere witlun 
it do we know of solids or liquids. Its diameter is spproximatoly 
664,000 miles. The visible surface or “photosphere” glows witli an 
intense jellow-white lighL The temperature of the photosphere, ac¬ 
cording to several independent methoda of estimation, is about 6,000^ 
K. (centigrade absolute). But as you go down toward the « 

the enoitnous sphere of gas, the temperature mounts rapidly; probably 
near the center it reaches values as high as 26,000,000 K. There near 
the tiudeus the pressures reach perhaps to tens of millions of tons per 
square inch, and the gaseous umtcrial is compr^d till its density is 
probably more than lO times that of a bar of Oiir toow oi^a 

of the interior oonditioris depends tipoD theoretical reseni^ o * 
very liighcst quality carried out by such people as Lane, Eddmgton, 
Jean^ Russell, and Chandrasekhar, just to mention a few of the many 
who have worked profitably in this field of analysis. It is ero t® ^ o 
depths that the atomic energy derived from nuclear fusion supplies 
the sun with its heat. It is here in the dcptlia that tlm fuel hy^gen 
is “burned’' by atomic fusion, leaving the ash, helium, as the end 

product. . , 

Lying directly on the surface, and cooled by proce^ as yet not 
fully understood, are the giant sunspots. These huge, ar , irregu ar 
spots fluctuate in size and number witli tlm alBo-mysterious ll-yrar 
solar cycle. They are the focus of estensivu and intense 
fieltb from which are emitted potent corpuscular Steams that fly 
out into space. Perhaps even coemic rays are horn m or near these 

giant blemishes on the sun’a smooth face, j ,.i ^ 

The transition layer between the spotted surface of the sun and the 
solar atmosphere has many interesting properties. It may seem queer 
that a body like theaun, which is entirely gaseous, cun hayo a sharply 
defined edge, a) that it shows up in a telescope just asclearly as though 
it were th^edge of the moon. Yet this is the way the edge of the sun 
looks. The theory of this behavior and of tlie rapid ^ 

the opacity of the sun’s gases near the surface layers lisa 
by m^y investigators, including E. A- ai.lneof Engbnd 
died after a brilliant and useful scientifle career. At the edge of the 
sun, a mere 20 miles or so carries us from regions where the 
nearly opaque out to the tenuous and transparent gas^ that charac^ 

sictnimtli.itiscli«™«t«i3Uco£temmosg«ra. Mmkiif theso^M 

ii»d,n> solar ustrophr^cs 4epen* upon ota.rv.Hons of t ta 

lin»oj tho nwrly tnmspunnt olmnsphno, and nlMof Iho ol^^oo 

sp«tm» fonn«l just obovo th. opoqB. surfeta of th, son by Cho rols- 
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tively cool giiscs of the ttniisltional layer to which we ascribe the terrn 
“revei-sing layer.^ 

It is the transparent gaseous region above the opaque photosplieric 
surface that shows so spectacularly at eclipses* The radiating gases 
of this zone, shining both by faint continuous light and by intense 
monochromatic lights form one of the principal renlms of sttidy for 
modern astrophyaicaJ deviceSj and comprise the objectiTe of most of 
the work of astronomers who travel to distant lands to be present at 
the brief moments of total eclipse. 

The intercession of the moon between the earth and the sun at n 
total eclipse gives us a unique oppoilunitj to observe the faint atmos¬ 
pheric gases above the sun without the overpoweringly distracting 
effects of the light of the photosphere* KormaiJy^ the light from the 
face of the sun so intensely illuminates the atmosphere of the earth 
that the gases above the surface of tlie sun make no impression at all 
upon our viewing instruments. But at eclipse we arc unhindered by 
this normal handicap^ and are able to take photographs and spectro- 
grams that reveal the veiy remarkable characteristics of tlie gun's 
atmosphere* 

The very transparency of the atmosphere mnke^ it ficcessihle to 
study. We can sec through it, and thus we can study what goes on in 
it. By virtue of the fact that its light is radiated* for the JUCKt part j in 
discrete lines of the spectrum, we can study any one constituent of its 
gaseous at tne^phe m quite indepen den tly from the otJiers. The interior 
workings of the sun are screened off from view by the very opacity of 
the photosphere of the suHf so tltat we cannot glimpse beneath the su- 
pcrffcial markings of tlie si.inspota and the other surface features, such 
as the faculafij and tlie granulations. To be sui'e^ we study the surface 
markings in ail possible detail, and have learned many remarkable 
things from these studies—aa, for example, tbc compietely uncxpiaincxl 
equatorial accclemtion discovered many years ago by the Engiish 
astronomer Carrington. This baffiing acceleration caui^ the sim^s 
equator to turn a full revolution in a shorter time than do the higher 
solar laiHudes^ People in the path of a total eclipse become acutely 
nwar^ in the final minutia before totality of the rapid diruinutlon of the 
brightness of the sunlight illnminating the landscape* But the truly 
spectacular phenomena do not appear until the final climax, known 
technically as ‘^second contact^” when the moon finally cuts out all 
the light from the photosphere, leaving only the atmosphere in view. 
The first thing that one secs Is the striking effect of the “Daily's Buftds,’’ 
which result from the liny portions of the bright photosphere that 
t^hine tlirough the depressions of the moon^e surface where there are 
craters with low areas in the line of sight* Then Itnmediately fol¬ 
lowing ooasfiB the brilliant “diromospheric flash-” 
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Ttis brilliant flash of light was first descrited in detail ^ a Cap¬ 
tain Staiinyan, who traveled to an eclipse in Ucme, Switzerland, 
around tlie year 1700. For some time astronomers believed it to 
be a glow in tlie lunar atmosphere. Many years later, Sir Norman 
Lockyer, at the suggestion of bis friend, Dr. Shar[)ey, attached^ the 
name “chromosphere” to this solar layer, hecause, in bis words, “it is 
the region in which all the various and beautiful color phenomena are 
seen.” The flash of red light results from the bright emi^on of 
the spectral line H* of hydrogen glowing wtensely in the thin layer 
of incandescent gases of the chromosphere. 

Tills chromosphere, transparent in some colors, opaque in otheis, is 
one of the principal objects of modem solar research. In it are 
tied up many of the problems of tlm definition and evaluation of 
solar temperatures. Because of it and the need to understand its phys¬ 
ical properties, largo radio receivers of special design operating at 
radar frequencies and designed to pick up the radio emaiiations 
of the chromosphere, will, for einmple, travel to Khartoum in the 
Anglo-Ecyptian Sudan, for the eclipse of Jicbroaty just as 

tlmv travded to Attu Island in 1050. With these raccivera, scicutiste 
from Urn Kavol Eesearch Laboratory will make temperatura dctcrmi- 
uEtions for comparison with optical measurements that will be ^de 
simnWouslv at the eclipse. In the past there have been ^ 
discrepancies between optical temperature determinations ^ 
made from radio obsmalions. This shows Uiat we haie here a 

major problem worthy of careful study. 

Tlie chromospheric flash lasts a mere 2 or 3 ^onds. After tha^ 
tho chromosphere gases remain obscured until just a second or two 
SoreXtud of iSallty. Then all the phenomena appear again in 
reverao order. During the totality, wliich may last from a few seconds 
to nearly 8 minutes, many other features of the sun’s atmoapliera mu 
VZdL The principal of these are Uie solar prominences and 
be studie^ iiie P P appearance and physical composition. 

jjgpe They exhibit fasemotmg, Jogged, 
ing high rapidly but that display regularities 

irregular shaj^ Umt chan,^ ^p y ^spla- 

“•nrc rht&pU 

»£^,n>,i;ristic of U» H, IU.0 of ^ 
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The giant prominence clouds are supported in delicate equilibrium 
against tiie powerful forces of graTitation, mov^ than 25 times oa 
potent as terrestrial graviation. WiisLt holds the prominences up haa 
long been a matter of major astronomicai concern. Now it seems tliat 
we can say, thanks to the recent work of Donald H. Mcnzeh of tlie 
Ilervard College Observatory, that they arc supported in large part 
by the magnetic fields of the sun. We can also say that the thousaadB 
of tons of gaseous hydrogenhelium^ and other gases in the promi¬ 
nences are constrained to move geriernEy parallel to tlia lines of force 
of the magnetic fields of the solar atmosphere. MenscePa work indi¬ 
cates that prominences probably become liimineseent as tliey are af¬ 
fected by powerful compressive foixes generated in the presence of 
streams of prominence ga^es. The reason for the very complex shape 
and appearance of the prominences is to be founds according to the 
new theory, in t!ie complex structure of the magnetic fields surround¬ 
ing sunspots. Initial deformities in the magnetic fields may be fur¬ 
ther aggravated by the gravitational and other forces that also af¬ 
fect prominences, once they come into being. MenzePs new theories 
liave resulted in part- from his extensive studies of prominence motion 
pictures, most of them photographed at our High Altitude Observa¬ 
tory station at Climax, Colpp 

The corona^ on the oilier hand, sun-ounds tJie eclipsed sim like a 
giant halo; it radiates a soft pearly-white light Today we know 
that tlie corona is no simple phenomenon, but that it consists of sev¬ 
eral components. Kecent work has carried us far toward under¬ 
standing the different constituents of the corona, while, on the other 
hand} spectroscopic studies have told much in detail about the ele¬ 
ments from which originate the bright-line spectrum that makes up 
a significant part of the coronals light. 

It was a mere 11 years ago that the distinguished Swedish astron¬ 
omer Bengt Ikli^n fii-st succeeded in es^tablishing that the long-known 
lines of the coronal spectrum arise from gaseous iron, nickel, and 
calcium, at fantastically high tom|>emtui^. The story of the iden¬ 
tification of these lines of the qwctnim, long believed due to eomo 
mysterious nonterrestria] element called ^^coconium,*' is a fascinating 
one, but too long for telling here. 

The coronal gases described above form one of the tliree principal 
components of die coronas but they do not explain it^ soft pearly- 
white light. That, in turn, ig not simple either. Researched of the 
posfivar yearg have succeeded in identifying it as consisting of at 
least two cortqioncnts, the so-called '^^electroii corona’^ and Uie “dust 
corona.” One of these is not solar, in the strictest sense^ nie former 
is made of streams of electrons in the gun^s atmosphere which are so 
numerous as to scatter the brilliant sunlight that passes tlirough them, 
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w that eren though Uia bright facii of the sun is o^uml, some of 
its light is scattered toward us from tho clouds of electrons_ near _ 
sun. The electrons move so fast that the well-known ab^tion 
lines of the spectrum of sunlight are smoothed away by the Doppler 
effect. Also the liglit scattered by the electrons is polarized, m eiact 

and firatifving accordance with optical theory. _ 

The “dust corona,” on tJie otlier hand, has ^\JS.alia 

irdenendeiitlv by van da Hukt of Holland and Alkn of Australia. 

agree in attributing it to particles betw^n 

the sun and the earth. Of course, they cannot ^ 

because there the particles would all bo vaporised by ^e hea . Tl^ 
dust corona, then, is not really a part of the sun at all. 

of dust halo only apparently radiatnig from the i^ounced 

BTmmetrical, unlike the electron corona, which eslnbits 
Jreamers m some directions and which changes f 

Sleasnremcn/of the absolute brightness, the 
flitv changBS, the brightness in different colore, the relations of wro- 
nS to surface feature^tlie^ and 

scientific problems provide tlie incentives f'’’' 

But eclinsefi are rare events, and tbeir locations often difficult to 
reach Weather vagaries increase the hazards of eclipao obscmiig. 
On the average, Icss^than one total eclipse a year takes place on the 
oarth“ ^eXhen it last, for just a few minute, any g-n^ ^ 
tion. It is expensive and risky, however valuable, to travel to eclipse. 

el.t 

tionally directed their efforts to observing the ^ndia 

without total eclipse. Tho firet real suece.. came ’ 

on August 10, 1868, when P. C- Jnle. Janssen, of Frntire, t^^y 
after a^famnus solar eclipse that lie had gone to India to ol^n^ 
fir^ pk«d the slit of a powerful spectroscope at the v^^ ^go of ^e 

s„n ..d s»c»«f..uy to yrr.di vr, 

spectrum of solar prominency a _ direct descend* 

observatories operate spectrolieliograplis that are the dirwt do^n 

SSSS-SSslSi 

“ ,, that the success of Janssen, soon duplicated 

• d of England, stimulated others to try to 

Lyot of France were crowned with success in 10 • 
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Lyot invented an entirely new type of solar telescope— the Lyot 
coronagraph. It permits tlie unwanted light from the sun’s face to 
be esehtdcd from the final viewing eyepiece or film of tlie telescope, 
but allows the light from the corona to come through undiminished. 
Tiie photographs of solar phenomena illustrating this aitiole are all 
taken with the Lyot-type ooroiiagraph of the High Altitude Observ¬ 
atory of Harvard Univcteity and the University of Colorado at 
Climas,Colo. -Figure 1 illustrates tlie principles of the corona- 
pnph and explains in brief terms why it works. Tlie ootonograph 
js one of the most important new resemh instruments developed 
during our century^ and it ranks in importance with the classic work 
of Lockyer and Janssen. 

Today, scattered throughout the world, are coronagraphs of the 
Jot t^pe. These permit their users to photograph prominences 
and corona on all suitably clear days. I say “suitably” because tlie 
standards of clarity are stringent. Coronagraphs have to be located 
at high elevations in the mountains, and the slightest trace of atmos¬ 
pheric dust or smoke blanks out their operation. 

Hilt what of the results from the operation nf the instruments de¬ 
rived from the pioneering of Janssen and of Lyotf Tlie results make 
up a major pm of mir knowledge of the sun and its variability. 
Let me touch briefiy on a few of these areas of knowledge 
Find of all perhaps, in potential practical importance for man is 
our ^o^ng knowledge of the inilucnces of the sun on the weaUier. 
At the Smitlis^ian Institution, for example, pioneering work has 
long gone ou.^ Other grou^ as well have devoted much effort to the 
problem, ^ot only have C. G. Abbot, H. H. Clayton, H. C. Willett, 
and others worked intensirely on the^ problems, but the more recent 

itv^d tht of solar activ¬ 

ity and the trend of barometric pressures at terrestrial stations. Tliis 

problem^ li^ just been made the subjec-t of over a year of most inten¬ 
sive rtudy by Richord A. Craig, of the Harvard College Observatory 
working closely with us at the High Altitude Observftorv In spS 

activity. In fact, the relatioDshiu th rings and sunspot 

ocls of dating the’ ^ 

unknown. And, of course tha raW' The cansef Still 

I course, the relation between sunspot activitj 
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and the Gutbreiik of “northern lights,” as well as erratic disturbiuicea 
to the aiming of delicate compasses, has been a matter of widespi'cad 
knowledge for ijci hiips a century or more. With the advent of radio 
we have learned that the passage of a large spot group past the central 
meridian of the sun generally heralds by about one dny the onset of 
poor long-distance radio reception. In recent years the origin of 
many seeiningly cyclical phenomena have been blamed on the sunspots. 
Such things, for example, as business cycles and the quality of wines 
have been suspected of cyclical variations in phase with the sun-spot 
changes. Ifct of these si>cculative suspected correlations I regard 
ns inadequately substaDtiatedv 


ilore recently wc liave^ined undeniable evidence of a whole gamut 
of new and unespected influences of sun on earth. Theory tells us 
tliut these new influences ought to be intimately associated with the 
solar atmosphere, even though our observational studies have not yet 

no veal ed the cl ues that ill low us to ex plain wha t we observe. 'I’i ns work 

of the AustniJian radio-scientists Pawsey, Yabslej', Puyne-Scott, Wild, 
and others, supplemtsitcd. by work in England by llyle, in Fnnsce by 
Iten’fsse, in the Usiited States by Kebcr, Burrows, Hagen, and by still 
others, has indicated to us that tlie sun is, at times, a powerful trans¬ 
mitter of very short-wave mdio pulses, sotnetimes thousands of times 
as powerful as we seem to be able to explain. Here is one of tiic most 
fertile new fields of research. And it has potential aigniBcance of a 
m^t practical sort. One scientist, Kiepenheuer of the Fraunhofer In¬ 
stitute in Germany, even gots so far as to speculate tentatively that 
substantial effects on the rate of growth of plants mid animals mav 
occur w hen the solar radiations at ladio wavelengths of about 1 meteV 
grow abnormally intense. 

The known effects on radio recepUon linve given birth to a whole 
science of radn^propagation prediction and analysis. Work of this 
wrt iuakes up one of the main tasks of the CetitrarRidio Propagation 
Laixiretory of the National Bureau of Standards in Washington The 
activity of tlie sun is the principal sustaining sifurce not only of the 
radio-rcflerting layere ^ intensively studied at that laboratory but also 
of the day-^day and hoiir-to-hour changes in the character of those 
layers predict^ at the National Bureau of Standaids. The sun, ac¬ 
cording to tlie rtudies done there, behaves in a far more complex fashion 
tlian ^ sphere of gas at the esiablished sokr surface 

temperature of 6,000 Kelvin. Brilliant prominencas known as “solar 

to the earth with the velocity 
of light that m turn cun cause a complete blackout of long-distnmi 
radio coi^uiucatioru, on the entire sunlit liemiaphere of tb^ eartW 
the well-known “Ddlin^r effect” first noted by tiie pioneer in ™dio 
propagation analysis, J. H. Dellinger. 
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The coronagraph of the High Altitude Observatory haa been op¬ 
erated at Cliinai ever since it was first eatablislicd there in 1040 by 
Donald H. Menzel. Thi s i nstrument has played a modest but import- 
aiit role in our study of the sqq* For example, work conducted jointly 
by Alan Shaplty, then of the Department of Terrestrial Wagnetiam of 
the Carneffie Institution of Washington, and myself in the years of the 
last war, led us to uncover a new relationship between the bright re¬ 
gions of the sun’s coronal emission as determined from spectra of the 
sun’s limb (see pi 1, fig- 2) and the behavior of magnetic storms, with 
their associated aurorae, erratic compaES-amnng, and the related dis- 
tvirbances of radio communications, IV^e found that during the years 
of minhuuni sunspot activity, whenever a region of very bright coronal 
emission passed the east edge of tho son, moved along by the 27-day ro¬ 
tation of tlie sun, it tended to produce magnetic storms 2 or 3 days later. 
These storms thus occurred when the coronal emission presumably re¬ 
sponsible for the disturbance was still located in the east Half of the 
sun’s face. So far, we mx at a loss to explain why the corona should 
be in this preferred location on the sun at the time of producing its 
nmximuin effects. 

Another discovery made with the Climax coronagraph was that of 
the tiny chromospheric spicules. These apicul&s arc tiny jctllke prom¬ 
inences of very short ii fetimo and very simple structure. I first noted 
these tiny prominences in 1942, and found them to be most pronounced 
in the regions of the poles of the sun, where the normal prominence 
activity is very minor. The spicules seemed to be consistently directed 
outward, along radii fron^ the center of the sun, A typical spicule, 
like that shown in plate 2, forms as a little bubble which then burets 
and jets outward to a height of perliajja 10,(WO miles. The entire life¬ 
time of a spicule lasts only something like 4 minutes on the awerage. 
The spicules seem the only major evidence of prominence activity that 
transports mcchanjeal energy consistently in the outward^rection 
tlirough the solar surfacB to the atmosphere of the sun. We think 
that perhaps their role in the heating of the sun’s corona may bo sig¬ 
nificant. Also flora the Climax coronagraph have come many thou¬ 
sands of feet of motion-piclura films of prominencea. lliese films, 
similar to the excellent pictures taken with the spectroheliograph at 
the lIcMath-lTulbcrt Observatory, and taken by means of the motion- 
picture technique developed by McMath, show very graphically the 
violcnee of the behavior of the gigantic solar “storms” that char^- 
terize solar “weather.” These motion-picture films, as 1 have already 
stated, form the main body of observational material used by Henzcl 
in deriving his new theories for the activity of the stormy atmosphere 

of the sun. 
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And finniij, just to mention a of the major now fields of work 
With tiio Climas coronagraph, we ana paying great attention to the 
regions from which a fitilhunidcntifled line of the sun’e corona cornea, 
Tliie unidenlified line is tiio yellow coronal lino at 5694 A. Tliis is 
the ony major line of the coronal spectmim that is sttil not certainly 
Jdentified, Edicn has stated that it may be calcium in a veiw high 
state of loniKBtion. If EtU&’s identification is correct^ it demands 
the highest temperature of aD the lines of the sun’s corona, up in the 
miilions of degrees Kelvin, But the remarkable thing that our spec- 
(rop-ams show, and that is also conlirmed in the observations of Wald- 
mcicr With tho Mnoimgrapli in Switaerland, is that tlie yellow coronal 
hne 13 escitod in dose association with certain rety intensely active 
and J^pJdly moving prominences. These prominences aasociated 
with the jcJlow corona! lino are invariably of special form known aa 
the sunspot type. It seems highly hkely that the excitation of 
the yellow coronal line is in some way related to the formation of the 
Mplosive^lar flares that produce instantaneous and drastic influences 
on long-distanco radio communicotions over the entire sunlit hemi¬ 
sphere of the earth whenever tlicy arc very large. At the present time 
Ti e Jiave a program of work under way that should lead us to definite 
conc isions about this strange relationship between the sun’s corona 
and the activity of its prominences. Just where this work will finally 
take iia wc do not yet know. ^ 

thu basic science of the physical conditions of 
atmosphere is fully os interesting as the applications, iknd 

^ f ^ temperatures^ 

pressures, gas densities, and other physical conditions of the mm’s 

chromosphere, corona, and prominences. From their research will 
ever-espanding knowledge. Xo matter how improbable it may 
l^owlcdge will rapidly find practical applicatio^ 
m some now nctmly of importence to man. If only we can stabilize 

«toig .Ld 
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An Appraisal of Cloud Seeding as a Means 
of Increasing Precipitation^ 


By Henrt G. Houghton 
M^iachustUs liutilate c/ Ttftuuihgy 


The ti^mendous economic implications of tile artificial control of 
rainfall have led to overoptimistic statements in Uie public press and 
to ill-adTised commercial applications of ram-making techniques by 
persons who do not possess the necessary technical qualifications. 
These events Irnvo been viewed with concern by all resi>onsible mete¬ 
orologists. It is unfortunote tlmt much of tiie money which has been 
spent by public and private agencies in an effort to increase precip¬ 
itation in specific areas has contributed so little to our scientific utider- 
fitanding of tlie processes involved. Without adequate scientific 
infonnatioti it is impossible to determinej with any assurance, the 
economic value of cloud seeding or to prescribe the most favorable 
conditions and procedures. 

As in the case of all scientific research, the several groups and 
individuals who are working in this field have criticiBcd one another 9 
experiments and interpretations. This normal scientific interchange 
has been unduiv accentuated by the glare of publicity which hw Mused 
some of those'concerned to be more dogmatic than is justifiable m 
view of the present incomplete information. In the now of the pubbe 
the meteorological world has been divided into bebevers and non¬ 
believers. This ie an unfortimstc and ridiculous cOTcept. The fact 
is simply that the iufonoation at hand is not sufficient to “n 

unequivocal conclusion regarding the posaihihties of the artificial 
control of precipitation. 

It is the puriiose of this paper to assess the seeding techniques for 
stimulating precipitation on the basis of preamt science 
and to point out the more significant gaps in our 
writer \Z not been associated witli any of the i^rch ^ups m tins 
field but has kept himself informed tlirough the literatus and ^r- 
sonal contact with many of die active iuvesUgators. For the sake of 

^Rtprinuiiy, pcnntaiwi frt.™ 
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brevity and continuity no Bpectfic references will be made to papers 
and reports describing the results of seeding eseperimenta. The sum* 
inary of the resuita as required for the present discussion is well known 
to most readers. Those who wish to read the original accounts are 
referred to the eieellent bibliography recently published (1),* It la 
not the intent of the writer to attempt to refute or support specific 
claims of individuals; rather it is proposed to survey the subject as 
imperaonatly as possible. Lack of complete information makes the 
inclusion of certain persona) opinions of the writer inevitable. 


METHODS AND HESULTS 

Modern rain making owes its origin to the discovery by Schaefer (2) 
that the insertion of dry ice or any object colder than about —40® C. 
into a Supercooled water*drop cloud converts the cloud to ice ctystals. 
Lut 0 r Vonnegut (3) sliow0d that ths same rssult could b6 obtainad by 
introducing tiny crj’stals of silver iodide, which are presumed to act 
as sublimation nuclei because of the dimensional similarity of the 
cry stnl lattices of silver iodide and ice. The mechanism by which drv 
ice forms ice cryrtals is still in debate, as Is the whole problem of 
su limation nuclei, but it is a demonstrable fact that either Rgent will 
convert a ^percooled cloud to an ice cloud. Knowledge of tlie mech¬ 
anism of ice-crystal formation is desirable, however, for an estimate 
of tiie number of ice crystals created fay a known amount of the 
nucleating agent. 

The application of the nucleating agents to rain making is based on 
’ ice-ciystal theory of precipitation. Acoord* 

ing o us t eory, all moderate to heavy precipitation is Initiated by 
tlie ap^arance of a few ice crystals in a supercooled cloud. By virtue 
of the fact that the vapor pressure over ice is less than that over water 
freezing, the ice ciystals grow by sublimation 
at ^e expense of the supercooled water drops. If tlie number of ice 

crvstala wil^compared to the number of water drops, the ice 
cryrtals will boromo large enough to fall. After further smvtth by 

marnr r “ “ precipitotion cl^ 

not that many natural supercooled clouds do 

crystals, the uw of the newly discovered metiiods for producing 

safej^tlude that the occasional absence of such effects has been 

Ktemtof thl« trtlcle. 


» Numbei* to p^rinUiw* ntcr to bibl]ft|,nj.b. 
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duft to poop observiwg conditionB ov to tliu ciioice of a cJoud whicli 
either was not sufficiently supercooled or was o1 ready composed of ite 
crystals, Nucleation of stratiform clouds often leads to the p^uc- 
tion of “valleys*’ or “canyons” and occasionally to the formaticm of 
holes through which the ground niay be seen. Holes seem to occur 
most often wlien the cloud deck is relatively thin. Tha effwt of tlie 
seeding is observed lo progress laterally from tiie seetling line, often 
reaching a widtli of 1 to 2 miles in 30 to &0 minutes. Precipitation 
in tlio form of virga is a comntoir observation, but only rately does 
any precipitation rcaclr tiie surface from stratiform clouds. 

The observational evidence on the effects of seeding cumulus clouds 
is extremely varied. Again there is evidence tliat seeding converts the 
supercooled portions to ice crystals, but observation is tuucli more 
difficult. It appears that some cumulus cloutb disaipate when seeded, 
soru^ axe little affected^ afidj (MrcHsioiiallyi accele 4 *iited vertical tle> clop- 
ment results. Beiiorts on precipitation range from none to veiy hwvy. 
It is extreniply difficult to say whether the pi-ecipitation results ^ra 
seeding or from natural processes indepondeut of the seeding, O r 
vutions made in a few cases of tiie elapsed time between seeding and tiie 
appearance of the precipitation are reasonably consistent, suggesting 
a cause-and-effect relatioiiiaiip. The data suggest that small cumulus 
clouds are usually partially or completely dissipated by seeding. It 
appears that tho seeding of more active cumiilua clouds often rsu ts in 
virga or light precipitation and, very' occasionally, in heavier pre¬ 
cipitation. Claims have been made that tho seeding of large cumulus 
clouds under proper conditions may lead lo the development o wi 
spread precipitation. Very few cases of tiiis type have bc^ rc^rtM. 

Langmuir (4) lias suggested that “warm” cloudy in which the ice 
imclcj can have no efFect^ ni&y be luduccil to precipitate y 
them with water, Tlio injected water drops grow as they fall by 
colUding with tlie cloud drops. If the cloud is deep and wet with 
strong updrafts the drops may grow to such size tiiat they will nipt ure. 
The broken portions might then be carried up in tiio uHraft so ^at 
the process would become self-sustaining. The condition 
for the operation of this process are likely to U ih^ ^ 

natural precipitation, A few tests of water ^ng have been ma^ 
but results ate still inconclusive. There is httlc question that injecW 
water drops will grow by collision and fall out 
reason to doubt that the oontinuing process visuahsted by Lan^ 
can oiicrate escept in clouds that are ready to 
from nalurol causes. Because of the tack of 
method and die more widespread interest m seeding with 
no further discussion of the water-seeding process will be undertaken 
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ARTinCtAL NUCLEI 

Tjikoii by itself tlie observ&tion&l eyidence, reviewed very briefly 
above, does not constitute an adequate basis for a sound appraisal of 
the potentialities of the cloud-seeding teebniques. It is tbo purpose 
of this paper to amplify and supplament the observational evidence 
with the aid of existing knowledge of cloud physics and synoptic 
meteorology. It is considered tliat both the laboratory and flight ex¬ 
periments prove beyond any reasonable doubt that dry ice and silver 
iodide will both convert a supercooled Avater cloud to an ice-crystal 
cloud, 'Hie only necessary condition Is that the cloud temperature be 
a few degrees below the freezing point. For silver iodide, Vonnegut 
(fi) states that the maximum temperature is near —4® C,| dry ice has 
been diown to cause ice ciy-stols to appear at -O.T® C. (G)’ but tlie 
teni])eiature slionld be low enough to allow )ui appreciable diflerence 
between the vapor pressures over water and ice. There is no reason to 
doubt th.'it ice crystals will grow in a supercooled cloud. Tlie sise 
attained by the crystals k dependent on tUeir number, the initial liquid 
water content of the cloud, the temperature and the depth of the super- 
(wled portion of die cloud. It is an essential feature of the Bergeron- 
Findeisen precipitation tlumry that the number of ice crystals be small 
compared to tlie number of supercooled dropsy otherwise the terminal 
Size of the ice crystals would be of the same order as that of the cloud 
drops and no precipitation would ensue. There is no satisfactory 
information on the number of ice crystals produced by dry ice. The 
estimate of L.ingmuir (7) tliat one pellet of dry ice forms 10'* ice 
nuclei would imply concent rations of the order of 10* nuclei/cm* even 
if the nuclei p^luced by a few pounds of dry ice were distributed 
through toveral cubic miles of cloud. Quantitative estimates of the 
numter of nuclei produced by silver-iodide generators have been made, 
but It IS nearly impossible to estimate their concentration in the cloud 
after totease, Atmoqiheric seeding experiments have resulted in the 
formation of prccipMation elements with a wide range of seeding 
rates. The inference is either that a much smaller number of nuclei 

acrior«"!JlI^;ri 1 or that there is a marked selective 

JLii ^ if’ ^ analogous to naturd con* 

densation in whiA only a small fraction of the total number of con- 

den^n nuctei become cloud droi«r. It is not Intended to imply that 
overawing ^ impossible, but it appeals that this has seldom bln an 

wCn been reported, 

W hen dry-ice pellets are dropped the initial seeding is in a v^cal 

plane from the ice crj^als appear to difi,fsa laterally^ It 

would be expecti^ that the concentration of *Wds« would be a maxi- 
mum at the center and would decrease rapidly on either ride. If 
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overseeding occurs anywhere it slimild bo found along the seeding iine. 
There is no convincing evidence of ovorseetling in this region. 

It may be concluded thot it is often possible to release some precipi* 
tntion from supercooled clouds by seeding them. The pertincriit ques¬ 
tion is how much precipitation can be released in this way which would 
not fall from natural causes. If the answer to this in unfavorable, 
it is still important to know whether the time of release of precipUa- 
t ion and tlic tota I precipitation can be altered by seeding, ^ 

Unlej^ the seedeti cloud is replenished, the upper limit to the pr^ 
cipitation Is determined by the total liquid water contained in a verti¬ 
cal column through the cloud. Measurements indicate that a lic|uid 
water content of 1 g/m^ is mtlier a high value. If all the water in a 
cloud 10,000 feet deep of this water content were deproited as rain, 
the total rainfall would be aboitt one-cightli of an inch. This is 
clearly an ovste.stiinate, since it is not likely that all the water could be 
precipitated and some would cvapoitite before reaching the ground. 
Most clouds w'ould contain. less water than has lieen a^miied in this 
esample. It is concUidtai tliat-, unless tiic cloud is continuously re¬ 
plenished, the precipitation released by seeding will be very light 
and the cloud will be partially or completely dissipated by the re¬ 
moval of its water. .Stratiform clouds have released practically no 
precipitation when seeded, as would be espected in view of their small 
total water content. 

TIIERJIODTXAMIC EFFECTS 

It is nest in order to consider the ways in which seeding might 
rtimulate the growth and replenishment of the cloud. Ihc phase 
transformation induced by the seeding releases the latent heat of fu¬ 
sion and the latent heat of sublimation of tlio water vapor which 
sublimes as a result of the lower equilibrium vapor pressure over 
ice. The exact value of the resultant tcmiwrature rise of the ait 
depends on the initial temianoture, the air density, and the liquid 
water content, but for a typical case it is of the order of 1“ C. It is 
important to note that this heating occure only in the sutwrcoolcti 
portion of the cloud and tliat the temperature rise oid manly increneia 
witli elevation. To be really effective the heating should occur m 
the lower part of tJie cloud and below the cloud base. Unless there 
is a tcmi>erature inversion of T C. or more, the lieating will produre 
aceelcraled vertical motion in the supercooled portion with a maxi¬ 
mum near the cloud top. As a consequence, there wdl be horizontal 
inflow above tlio freezing level It is probable that a small pres^ire 
fall will ensue with a correspondingly small horizontal 
the cohunn below tlie freezing level. Kone of these effects will induce 
additional vertical motion below the freezing level since they do not 
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provide buoj'ancy forces m the lower levels. Air cannot be ^^aucked” 
up but must be driven up by a force applied to each element of the 
air colutnriH Tliero will be a tendency for the supercooled portion of 
the cloud to separate from the portion below the freezing level* Un~ 
less the etivironmeiit above this level ia very mokt and the lapse rate 
steep, it is doubtful that there will be any marked growth of the upper 
portion of the cloud* If there is to be an acceleration of the cloud 
development as a result of tlie heat released by seeding, a natural 
convective circulation must be active in the lower layers. If this 
natural conveetiou has licen terminated somewhere above the freezing 
level by a small inversion or a slightly stable lapse rate, the heat re¬ 
leased by seeding may extend the convective activity upward. This 
requ ires ra ther special condit i ons. It m ay be remarked that a tempera- 
ture rise of 1® C* in the upper port ion of a cloud is not very impressive 
when viewed on an adiabatic chart* The evaiioration of the solid 
carlwn-dioside pellets will cause the cooling of the air through which 
they pass. This will cause local i^d subsidence^ but in view of the 
lonall amounts of carbon dioxide used this cooling wiH have little 
effect after the first few seconds. 

An effect similar to the hc?ating discussed above will resiilfc if the 
liquid water of the supercoolet] cloud is caused to procipitate. This 
removal of mass will result in an upward federation. It is ea^ to 
show that the removal of I g of water per cubic meter will cause the 
Same vertical acceleration as a temper at ura rise of about O-B® C- N ot e, 
however, that the falling precipitation will impo^ a downward accel¬ 
eration on the lower levels of the cloud* This downward acceleration 
will increase as the precipitation elements grow in their fall through 
the cloud. It is believed that this downward force of the precipitation 
is partly responsible for tlie downdraft in a mature thunderstorm. 
The convective circulation in a thunder^orm is strong enough to main¬ 
tain an upward motion in part of the cloud in spite of the downdraft. 
It is hard to see how the release of precipitation from a seeded cloud 
can increase the convective circulation* 

It is ^asonable to conclude that seeding only rarely will stimulate 
the vertical development of a cloud. In the vast majority of cases dia- 
sipative effects are to be expected. These conclusions seem to be bome 
out by the results of cloud seeding test^ 

ARTinCIAL VERSUS NATURAL NUCLEI 

The basic premise of the method for the release of precipitation by 
seeding is that there is often an insufficient number of natural nuclei of 
sublimation or crystalliKatiou present in supercooled clouds to initiate 
piwipitation by the Bcrgeroii-Findeisen mechanism* The regular 
existence of supercooled clouds in the atmosphere supports this as- 
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sumption. Present knowledge of tlie couceliLnition and proi>ertiea of 
natural nuclei of crystal!iaation and sublimation is ineomplete. Super¬ 
cooled clouds are much more frequent than ice-ciystai clouds down to 
about —10“ to —15“ C. At lower temperature ice-crystal clouds be¬ 
come more and more frequent although supercooled clouds ha^ e been 
reported at taoi peratures at least as low as 35“ C. Hefisurcmeiits 
of the number of ice crystals appearing in an espansion chamber by 
Findeisen and Schulla (8) have indicated that the first crystals apiiear 
in the neighborhood of —7“ C. The number of crystals formed was 
found to increase slowly os tlie temperature was lowered* At a tcin- 
peratuie variously reported to be from “3!l“ to 42® C. a very large 
increase in the number of crystals occurs* Ibusj tins espcrimeiital 
evidence is in general accordance with the observed temperaturo distri¬ 
bution of supercooled clouds. Tlie nuclei introduced by seeding are 
active at temperatures of about “ 5“ C. and below. It is well to i>oint 
out here that it is not at all certain that ice crystals are a necessary pre¬ 
requisite for natural precipitation. Moderate rain often falls from 
tropical clouds that do not extend to the freezing level. The mech- 
atiism responsible for such precipitation presumably can operate also 
in a supercooled cloud although the ice-crystal mechanism is more 
effective if the ice crystals are present. 

The vertical development of convective clouds is often terminated 
by an inversion. If the temperature at die top of such a cloud were 
below -5“ C. but still not low enough to activate the natural ice nuclei, 
seeding might release rain that otherwise woold not fall. From the 
prior discussion it is evident that the precipitation could be substantial 
only if the cloud were also deep and in aetivo development. I his is 
the most iuterestLiig case oonsidered so far. It is difficult to estimate 
Ute frequency of ooourrenco of the lequisite combination of conditions 
from tlie data tliat axe available. C^tainly many convective clou^ 
ere topped by inversions at n Umperature level of between, say, -5“ 
and — 20“ C, but how many of them remain in active development after 
they reach the inveraon and in how many cases is there a lack of natu¬ 
ral freezing nuclei i Even thongh it might not be po^ible to secure 
data on the freezing nuclei, a well-designed observational program 
should help to answer these questions. 

It is of interest to consider wbetber continuous seedmg would be 
required to maintain precipitation in the case discussed al»ve. It 
has been suggested tliat when enow crystals are once form^ they ^ed 
liny splinters as they fall, which then serve as very effective sublima¬ 
tion nuclei. If this happens, the process would tend to be self-per¬ 
petuating, after the initial seeding, as long as the circulation was soeb 
os to carry tlm splinters into the npdiafts. Information on splinter¬ 
ing is very incomplete and no definite conclusions can bo drawn. It 
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seems probable thnt the effectiTeness of tlris process depends on the 
form of the snow crystals f the dimdritic (feathery) type would ap- 
I>Dar to be a much bolter source of splinters than the columnar and 
tabular fornis. It has been stated that natural snow often npijeats to 
fall from below the —10® C levclj thus suggesting that something like 
the splintering process ig active. A more careful study of tlds might 
yield soma useful clacs^ particularly if samples of the snow cr}^Als 
could be obtained* I f splintering does not occur^ continuous seeding 
would be required. 

SEEDING OF PRECIPITATING CLOUDS 

It is nest in order to consider the possibility tliat seeding will alter 
the timing or the totnl amotint of precipitation dial falls from a 
cloud which is about to relea^ precipitation from natural causes. 
It ig almost impoE^iblo to answer this by means of individual seeding 
e^ijcriments. An objective atigvver might be obtained by seeding all 
potential rain clouds over a well-defined area for a Jong period of 
time (a year or more) and then comparing the precipitation in the 
area to that in simitar control arc^. Even here^ there are pitfalls 
and the esperimenf sliould be very carefully designed in advance by 
a competent statistician-inclcorologist team. 

Evidence fma been presented above that the activation temperatures 
of the artificially introduced ice “nuclei are higher than those of most 
of the natural ice nuclei* If an active cloudy which is about to release 
precipitation by natural processes;, is seededj tlie onset of precipitation 
may be advanced by the time interval which would be required for 
the cloud to grow from tJic temperature level corresponding to the 
activation of the artificial seeds to that of tlie natural ice nuclei* The 
vertical distance between these levels might be of the order of 2 km. 
Tlie corresponding time interval might range from say 20 minutes 
for an active cmniilus to a few hours for frontal cloud systems. This 
might provide a nieans for increasing the precipitation in a selected 
ai'ca from a given cloud even though tlie total precipitation from the 
cloud were not changed. The net increase of precipitution in a given 
area from a largo number of clouds would be small beeau^ only a 
few of them would bo in the proper stage of development as tliey 
approached die area. It is p^ss^iblo that the seeding would decrease 
the precipitation from the cloud by causing tJie precipitation elements 
to form at a lower level, tlius decreasing the total water condensed in 
the cloud. It may be concluded that although the time of precipita¬ 
tion may bo advanced it would be difficult to obtain any practical ad¬ 
vantage from thig profSpeet except under very special circumstances. 

Because of inadequate knowledge of natural ptvci|ijtation processes 
it is not possible to make an unequivocal statement as to whether or 
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not it is possible to increase tlie rainfall from a precipitating cloud 
by seeding it. Precipitation requires vertical tnotioo and the conse¬ 
quent condeiisation of water vapor followed by a process which con¬ 
verts the condensed water vapor into larger elements which can fall to 
to the gi'ound. A “precipitation clliciencj” might bo defined as tlio 
ratio of the rainfall to the mass of water vapor in the rising current 
An efficiency of 100 percent could be achieved only if nil the water 
vapor were condensed and all the condensate were converted to pre¬ 
cipitation. Tlio “precipitation efficiency” can be considered as tlie 
product of a “condensation efRclency” and the efficiency with which 
the condensate is converted to precipitation elements. The condensa¬ 
tion efficiency is determined primarily by bow far the water vapor 
is lifted. Tlie efficiency of conversion of the condensate to precipita¬ 
tion depends on the temperature at which the ice nuclei opci-ate and 
ou their number. The condensate which is not converted to precipi¬ 
tation finds its way into tlie downward circulation required by con¬ 
tinuity and is evai>onitcd* Seeding provides ice nuclei which are 
activo at a lower elevation (liigher temperature) tlian the natural 
ice nuclei. If tliere is an insufficient number of natural ice nuclei 
which are active at or above tlie lowest tempeniture in the cloudy 
seeding might increase the precipitation by reducing the auioiint of 
condensate which would otherwise be lost in the descending branch 
of the circulation (increase in the efficiency or conversion). On 
the other hainh if there is a sufficient number of natural ice nuclei 
wliicji are active at temperatures found within the cloudy seeding 
may redneo tho precipitation by causing the precipitation mechanism 
to operate at a lower level in the cloud wliere less of the iviiter vai^or 
will have been condensed (decrease of the condensation efficiency). 
Fin ally j if the splintering mechanism is a regular and efiectiv'e natural 
means of nucleating cloutls once precipitation has started^ ceding 
will have no effect since spiinteis of ice arc the be^t possible ice siudeL 
Lack of knowledge on the mmiber and type of naturul ice nuclei and 
on the importance of the spUtitering effect leaves the answer in doubt. 
It is the opinion of the writer that a significant fraction of tlie con¬ 
densed cloud water is often lost by evaporation in the downward 
branches of the circulation. If true, this miggesta that the precipi¬ 
tation con be increased by seeding if Llie proper number of nuclei 
tan be introduced in tlie right place. 

It has been sugg^jsted tiiat silver-iodide nuclei may be effective at 
a coi^sidez'Hble distance from the [>oint of releiise. There is no doubt 
Umt the particles can be transporfed for considemble distances by 
the winds. The particles will diffuse laterally and vertically, thus 
infecting an increasing volume of uir w itli a rorres[>onding decrease in 
concentration. It is not known with certainty how long the silver- 
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iodide particles will retain their nucleating ability- chance 

thnt. the nuclei will ewoounter the proper conditions is evidently 
increased by permitting them to diffusa OJid cover considerable areas. 
On the other hand, this makes the task of assessing Uie results eioeed- 
ingly difficult. There is little to gain from this technique at least 
until more adequate information is available on the effects of seeding 
iniUvidual clouds under caisifully determined meteorological oondi- 
tions- 

LARaB-SCALE ETFECTS 

The general conclusion reached so far is that seeding may induce 
significant amounts of precipitation only under rather special con* 
(Utions which are very close to or identical with those that lead to 
natural precipitation. Supposa that these conditions are met and 
the cloud or clouds are seeded. Under the most ideal conditions the 
seeding may result in enhanced convective activity and the release 
of precipitation- The amount of precipitation is limited by the 
large-scale horizontal transport of water vapor into the area. This 
can bo increased only by the creation or intensification of a circidation 
the size of a cyclone. Tliore is no evidence that local convective ac¬ 
tivity will lead to cyclogenesis. In fact, widespread convective 
activity often breaks out in an area characterized by flat pres^ire 
gradients without any subsequent effect on the pressure distribution. 
It must be admitted that knowledge of the causes and mechanism of 
cyclogenesis is incomplete but there is evidence that changes in the 
upper troposphere and stratospliere are important. It is difficult 
to imagine any influence of seeing at these heights. This is con¬ 
sistent with other evidence which strongly suggests that the location 
of cyclogenetical areas is largely determined by the large-scale he^- 
spheric circulation patterns rather tlmn by local effects. If seeding 
increases the amooniof precipitation it will also result in a proportion¬ 
ate increase in tlic latent heat released. If a substantial increase in 
precipitation could be produced over a large area the latent energy 
released would doubtless have an effect on the circulation pattern 
though not necessarily in the region of increased rainfall- Xatural 
precipitation anomalies are much larger than those which might 
conceivably bo produced by seeding, but even in such cases the effect 
of the release of latent energy on the cireiilation is not clear. In 
any discussion of a net increase of rainfall over large areas it is im- 
joutant to remember that precipitation is only one segment of the 
hydrolopc cycle. An increiise In rainfall reejuires increased ovapo- 
Tstion and a greater transport of water vapor. It may be csoncluded 
that there is little prospect tlmt cloud seeding will produce large- 
acale effects in the atmosphere. 
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The hope ihsti large-scale effects might mult from scetlhig is based 
in part on the BSSumption that large segments of the atmosphere are 
often in a znetastable condition such that a Email impulse will suffice 
to release the instability. A logical corollary of this theory Is that 
the point at which the activity will ^art spoutaneously is indetermi¬ 
nate^ but that a small artificial impulse may be sufficient to initiate 
the release of the instability at a predetermined point. If this princi¬ 
ple of indetenni nancy is correct, it sets a basic limit on the precision 
with which it is possible to forecast weather. Most meteorologists 
will agixse that this principle often seems to hold in the development of 
such small-scale phenomeua as thundei^toriTis aud tornadoes^ This 
may he due, of coursej to the fact that the scale of these phenouiena 
is small compared to the spacing of the observations. In the case of 
large-scale phenomena there is no real evidence in favor of the inde¬ 
terminancy principle. To be sure, many errox^ are made in foroca^, 
but these appear to be explicable in retrospect when adequate data 
are available. The motion of such disturbances seems to be contin¬ 
uous without the erratic beliavior to be e3Gpecta;l from tlie indetermi- 
nancy principle. Studies of the motion and development of cyclones 
strongly suggests a dependence on the large-scale fielda of motion 
and tempenituro. These large-scale variations ap]>CAr to bo of much 
more importance than any small-scale, accidental differences. 

SUMMAUT A^'D CONCLUSIONS 

The principal conclusions reached in this paper may bo summa¬ 
rized as follows \ 

1. Seeding of supercooled clouds witii dry ice or silver iodide will 
convert the clouds to ice-ciy^stal clouds if tlie temperature is below 
about 

2. Seeding of an inactive cloud will not induce an important 
anxount of precipitation. 

S. Seeding a cloud will not accelerate the growth of die cloud 
unle^ there is active vertical motion below the freezing level and 
the environment above the freezing level is moist and only slightly 
stable. Partial or complete disipation is more likely due to tlie 
lifting-off aud drying-out of the top of the cloud nnd the downward 
foTO exerted by die falling hydrometeors. 

4. Seeding of on active cloud which does not quite reach the 
activation tempeniture of the natural ice nuclei may release useful 
precipitation. 

5, It appears possible to advance the onset of precipitatioTi from 
a cloud that is about to precipitate from natural causes by seeding it. 

C. The possibility of increasing precipitation initiated by natural 
processes by seeding cannot be determined because of incomplete 
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information about natural precipitation process. There is at 
least some possibility that the prwipitation can be increased in cer¬ 
tain casEs. 

7. Tlie conditions under ’wliich it appears possible that seeding 
might cause, or increase, precipitation arc almost or esactly the 
same ns tliose required for the natural release of precipitation, 

8. liinsmnch as the most favorable conditions for the auguienta- 
tion of precipitation bj' seeding are almost or exactly the same as 
those requisite for natural pi^ecipitation, definitive results cannot 
be e.Tpectcd from isolated seeding ej^i^eriinenta. 

0- On the bnsis of present physical knowledge and synoptic ex¬ 
perience there api>earB to be no prospect that large-scale effecte can 
bo produced by seeding. 

In view of the above conclusions it is considered that attempts at 
the practical application of cloud-seeding techniques to increase nat¬ 
ural rainfall are premature^ The entire problem is still in the 
research stage, and any funds avaihible should be devoted to research 
on the iKtaic mechanisms involved. Useful research results cannot be 
expected from personnel without extensive trairdng and experience 
in cloud physics and synoptic meteorology. 

It is the opinion of the writer that not enough attention has been 
paid to ihe meteorological factors in of the past cloud-seeding 
experiments. It is believed tlmt tliis omission is in large part respon¬ 
sible for eomo of the diametrically op|>osed conclusions of certain 
workers in this field. 

There are two general approaches to further research in this field: 
full-scale experimentation with a properly designed e?[ peri mental 
plan and adequate meteorological data^ and detailed studies of cloud 
physics, both in the laboratory aJid in ilia free almospbere. If 
possible^ botJi approaches should be prosecuted simultanooiLSly. The 
second plan is less expensive than the first and promises more funda¬ 
mental results. However, the full-scale experimental trials must l >0 
made in the end since a complete knowledge of cloud physics w^ould 
still leave out some iinporiant meteorological factors, 

III some quarters it is argued that cloud fieediug has been a failure 
and that further experimentation is unwarranted in view of the high 
cost. It must be admitted that tlie high hopes of weather control 
prtjclaimed by the popular press have not been realized. Nevertheless, 
the demonstration that several cubic miles of supercooled doud can be 
converted to ice crystals witli a few ounces or pounds of suitable 
material is extremely spectacular in the light of previous efforts to 
control meteorological processes, Tliis should be sufficient to stim¬ 
ulate further investigation. It is quite possible that furtlier fuiida- 
mental discoveries lie ahead which will not be uncovered unlc^ tlie 
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t«seaidi is allowed to proceed. It ia indeed unfortuaate that public¬ 
ity and argument have clouded the immediute issue, but this must 
not be allowed to obscure the long-range scientific view. 
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On Einstein’s New Theory ’ 


Bjr LflOfOU) iKFKLff 

Fhrfics Imtiluu, TersaBt Pobtnd 


Ijf 1905> when oiir century "was still young, Einstein wns 2(5 and 
a clerk in the Swiss patent office. In that year he wrote e paper 
that changed the face of science. H contained the basic ideas of 
Special Relativity Theory and revolutionized the concepts of space 
and time. Einstein was the first man on our planet to deduce the 
relation between mass and energy' — a simple but fimdamcntal relation 
that, 40 years later, led to the discovery and utilization of atomic 
energy. Thus, 45 years ago, the first Einstein revolution in science 

was accomplished. ^ ,» i* * 

If Einstein had done nothing since tlien, his name would live for 

centuries in the history of science. Yet only 10 years later, around 
1915, Einstein finished his work on General Relativity Theory, Here, 
for the first time since Newton, a new theory of gravitation was formu¬ 
lated. Tliis theory esplains how the earth attracts the moon, how the 
planets move around each other; it explains the slructuro of our 
univarse. As a logical ^stem, Einstein’s theory of gravitation is 
superior to Newton’s old theory. Whenever the conclusions of Mw- 
ton’s and Einstein’s theories differ, ohservation^he supreme judge 
of all physical theories—seems to favor Einstein^, Tima, 
ago, the second Einstein revolution in Kicnce was acoompUsh^ 

The characteristic feature of Einstein’s genius is his complete in¬ 
dependence of mind. He accepts no man’s dogma | he thinks for 
himself, always and about every thing. From 1918 to 1949, for 
30 years, he has worked on one of tlie deepest and most difficult 
problems in science: to find a theory that would emb^e the lar^ 
scale phenomena (as his old theory of gravitation did) and, at the 
same time, Gie smaU-scale phenomena concerning the elementary 
particles of which atoms are built. Many scientists believed imd 
still believe) that so ambitious a plan can never be realized that the 
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laws that govern the suns and the nebulae are different from tlioEo 
that gDTern the electrona in the atom^ that no unifying principle 
embracing both is, or ever will be, possible. Yet on this very problem, 
Einstein lias thought ini^ssantly, finding solutions and rejecting iJiem 
bet. a use they did not satisfy his high stajulai'ds of logical simplicity 
and l>cuiity. 1111116 discussing a theory, Einstein would often re¬ 
mark to me: ^'Could God have created the world this way?” A good 
physical theory, Einstein feels, must reflect ihe beanty and the glory 
of the universe. 

In iDta, Einstein was 70 years old* In this year, lie believes, he 
found the solution for which lie strove for 30 years. The I'esults of 
his last two decisive steps appeared, one in the Canadian Journal of 
llathematics (publi^ied for the Canadiftn Mathematical Congress 
by the llniversity of Toronto Press), the other in a third edition of 
“The Meaning of Eelativity” (published by the Princeton University 
Pre^). 

Did Einstein solve the great problem of finding ono law for the 
large- and siiiall-^alo phenomena? It may be a long time before 
niatUematical nnalyt^is and observation pronounce their verdict— 
before we find the treasures hidden in Einsteln^s new equations* No 
one yet knows wliether the third Einstein revolution in science has 
been accomplished^ 

THE ELECTBGMACXBTTrC FIELD 

To understand, even in general terms, the problem on wliich Ein¬ 
stein has worked for 30 years, we must, go back to the nineteenth 
century, to the times of James Clerk ila^twell, who was Oie first to 
create a successful field theory. 

From the broadcasting antenna to my radio receiver, the radio 
wave—that is, the electromngnelic wave—spreads with the velocity 
of light. From the atoms in a neon tube to ray eye, optical rays— 
that an electromHgrjetic wave—spre^id with the velocity of light. 
Eadio and optical waves are go vended by the same laws, expressed 
by Maswell’s equations. They tell us how the electromagnetic wave^ 
or, as we say nowadays, tlie electronuigTiotic fields changes in space 
and time and what its physical properties are. Marwdrs theory is 
a field theory becau® it coiLsiders changes in time and in our three- 
dimendoiial space. It is very different from a mGchanieal theory 
that deals with such problems as the motion of the moon around the 
earth. In a mechanical theory, the particles and their motion are 
important: m a field theory, the important factors arc changes of a 
field in space and time. 

If we analjsto a piece of gossip we may be interested in the speed 
with which this gosaip sproadfl and bow far it penetrates. Th®e 
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would bo the “field’* aspects of the “gossip plienonicnoii.** On the 
other hand, we may he interested in tli© men w ho carry the gossip and 
in the pieclianics of their actions. These would be the “mechanical” 
aspects of tiio gossip plienoiuenon. 

Yet, in describing the electromagnetic phenomena in the nineteenth 
and early twentieth centuries, we did not use the field concepts alone. 
Electrons—that is, negatively charged particles—produce an electro¬ 
magnetic field while in motion. Thus, in IfaswoU's tUeoiy, and later 
in Lorentn’s theory, we still find a mixture of the field and i>article 
aspects. Particles (electrons) move in an electromagnetic field and 
influence Uic field by their motion. Yet it is the field aspect that is 
the new and predominant feature of Maxwell s tlieory,^ 

The electromagnetic field is clmracterizcd at each point of space by 
two aritJws or vectors. One of these represents the electric field, the 
other the magnetic field. But an arrow can be described by its three 
projections uix>n three mutually perpendicular axes. (An arrow in 
a piano is cliaracterizod hy two projections, in a three-dimensional 
space by three.) Thus ihe field at each point (remember tliat there nre 
two arrows) is tepresented by six tiumbei-s, three denoting die electric 
and three denoting the magnetic field. Tticse numbers chan^ from 
one point to another. These two arrows, and therefore the six num¬ 
bers, change at die same point from one moment to anotlicr. Alai- 
well’s erjuations tell us the laws of this change. Or: the electro¬ 
magnetic field is olmracterizcd by six functions of space and time. 
Maxwell’s etiuadons tell us how these functions change in space and 
tiine. 

THE OIIAVITATIOXAI, FIELD 

TVe can now characterize in general terms at least one aspect of 
Einstein's second revolution; it did for gravitationnl phenomena 
what Maxwell’s theory did for electromagnetic phenoinena. 

Newton's theory of gravitation follows the mechanical pattern. 
Particles (moon, earth) are attracted by other particles (earth, sun). 
In it there is no place for the concept of field, the scenery of which is 
all of space. There is no place for a gravitational field s|jr(toding 

tlirotigh spftce in time, _ 

Einstein a theory of gravitation is not an improved version of New¬ 
ton’s thcoiy ; it is an entirely new theory bas^ upon new assumptions, 
logically more satisfactory than those of Newton. Yet, the results, 
wliich can be tested by observation, are very similar in the two theories. 
Tliere is a great area of agreement and a small area of disagreement. 
Tlie most famous new phenomenon, predicted by Einstein’s theory 
only, is that of light rays bending while passing near the edge of the 
sun. Indeed, it was this phenomenon, discovered during a solar 
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eclipBB, when one can see stars near the darkened sun, that started the 
great fame of the RelatipUy Theotr and its creator. Another dif¬ 
ference between the two theories concerns the motion of planets around 
tha sun. The discrepancy between results deduced by the two theories 
is small, yet detectable in the case of Mercury, the planet nearest the 
sun. Whenever such disagreement exists, and whenever experiment 
can pronounce its verdict, it seems (to put it cautiously) to favor Ein- 
stein^s theory of gravitation. But the importance of Einstein's 
achievement lies rather in the beauty and simplicity of his theory 
than in the discovery of new phenomeirn. 

Tlie gravitational field in Einstein's theory is characterized by 
10 functions changing in space and time. Tliey play a role similar 
to that of the six functions in Maxwell's theory, Einstein’s gravi¬ 
tational equations tell us how these functions change in space and 
time. 

We remember that in the electromagnetic theory, we have a mixture 
of field and particle concepts. The field is produced by the electrons 
and their motion. Similarly, in Einstein's original theory, the gravi¬ 
tational field is produced by the bodies (stars and nebulae) and their 
motion. Thus, comparing Maxwell's and Einstein’s theories, we have 
the following analogy; 

ElectfouaeoeUc fle1<t <—* Graviratleiial fleli 

{TtuirsHi pnrtlctn <—> GrarltatlooBl maeses 

StotlDD of cliBrfivd poTtlelca i i Uotloa of grarlUtUeniil mascs 

Our analogy is not complete, and in some respects even misleading, 
We must now mention one novel feature of Einstein's field equations. 
Tlie appearance of any form of energy is accompanietl by a gravi¬ 
tational field. The gravitational field is influenced not only by the 
moving gravitational masses but also by the electromagnotio field 
itself, because such a field represents energy. Thus tlie sources of a 
gravitational field lie in moving masses, in moving charges, and in 
the electromagnetic field. A pure gravitational field can exist without 
an electromagnetic field. But a pure clBctromagnetic field cannot 
exist without a gravitational field. 

PHTSICS AND GBOMFTltT 

Let us now adopt tho view of 1O0O (when the structure of Bela- 
tivity Theory was finished), witliout which we cannot underetand 
what happened later. Wo see one essential tiifforence between tlie 
gravitational and tho electromagnetic field: the gravitational field 
is a geometrical field; tho electromagnetic field is a physical field. 

The understanding of the gravitational field as a geometric field 
is the result of ono of the greatest and most revolutionary ideas that 
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ever entoml physics. It is impossible to gr&sp the imiwrtjmce of 
Einstein’s scliievenieTit without being aware of this point. We know 
tJie propcrtips of a Eudidean space from our high-school days; 
through a point outside a line, we can draw one, and only one, line 
parallel to the given one. But since the nineteenth century we know 
that Euclidean geometry is only one of the many possible geometries. 
The simplest case of a non-Eudidean geometry would be, for esample, 
the one experienced by two-dimensional creatures living on the surface 
of ft sphere. They would find that a journey ^'straight ahead” (that 
is, ftlong ft grcsit ciwle for you) leads them to their point of departure; 
that the ratio of the circumference of a circle to its diameter is smaller 


The background of our physical events is a four-dimeiaiomd world. 
There is nothing mysterious about it. Every event, like the d^th 
of Julius Caesar, is characterized by the “place” and Lime in which 
it took place. The “place” of an event is diaracterized by throe num¬ 
bers; hence, together with time, we huve four. The totality * 
pAgaihtn evonts fomis one four-diniensionul world. All this has been 
known and succeftsfully applied since 1D08 when the ^eat mathe¬ 
matician II. Minkowski gave tlio beautiful four-dimensional mathe¬ 
matical form to Einstein’s Special Belativity Theory. 

Yet General Eulativity Theoiy goes one important stop farther. 
We ask: Is our four-dimensional world ilat, like the plane in two 
dimensions? Or is it curved, like a curved surface of twodimenajor^f 
The difficulty widi these questions is that, whertma 
visualize a iwo-dimensional flat or curved space, it is difficult to do 
so if tlie space is four-dimensional. But where our intuition sto^ 
mathematics does not. Even before Einstein’s tune, the mathematus 
describing many-dimensional curved space was though it 

developed fully only under the impetus of relativity. The develop¬ 
ment of this branch of iiiaOiematics is connected with the narn^ of 
Gauss, Lobachevski, Bolyai, Riemaim, Ricci, Lovi-Civita, and others 
Let ns say here only that a four-dimensioiial space ib charectenz^ 
by 10 functions; that, once wo know these functions, we ^ow the 
geometry of such a space; we know whether such a space is curved 
and how its geometry changes from point to point. 

In my room 1 can characterize the position of the end of my pencil 
by quoting its distances from the ceiling and two perpendicular walla 
Or, generdly, the position of a point is designated by tlirw uumbere 
in a given coordinate system. In a town, U.e names of s^ts and 
house numbers form two coordinates denoting with sufficient awurecy 
the positions of its inhabitants on a piece of a surface (at least when 
they stay at home). Similarly, in our four-dimeiisional world of 
events, we must have a coordinate system so as to name tho four 


194 ANNUAL EEPOHT SMTTBEONIAN INSTTrUTION^ 

c 43 ordinBte nujnbera that denote an e^ent. But beside these, we need 
10 functions that tell us whether tiie world we describe (m a ^ven 
but arbitrary coordinate eystem) la flat or not flat, or, as we often 
Bay, EucUdeaii or Riemaimian- 

We can now formulate Einslein^a great and new idea: Tbo 10 fiinc- 
tiona that characterize the geometry of our four-dimensional world 
are tile same 10 functions that characterize the gravitational field. 
A world without masses, without electrons, without an electromagnetic 
field, is an empty world. Such an empty world is fiat. But if mosses 
appear, if charged particles appear, if on electromagnetic field ap- 
ymavs^ then a gravitational field ap[>eata too* If (he gravitational 
field appears, tlien our vrorld becomes curved. Its geometry is 
RieuianIlian—that is, non-Euclidean. 

Thus the same 10 functions diameter 13^ the inetric and the gravi- 
tatjonal field, The word ‘^metric^^ indicates the conuection between 
these 10 functions and the geometry of our world. The word '^grav- 
itotional” indicates that tlie same iO functions describe tho gravita¬ 
tional phenomena of our world* The fact that we can use either or 
both of these words indicates tlmt tlie physical gTavitationai field 
«has its geometrie counterpart Physics—as far as the gravitational 
field is concerned—is reflected as geometry. The geometry of our 
world and the gravitational field are shaped, formed, by moving 
masses, moving electric charges, and by die electromagnetic field. 
Thus the connection 

Phyalca * — ^ Geometry 

exists only for tlie gravitational field* We repeat : Tiic gravitational 
field is a geometric field too; tho electromagnetic field a purely 
physical field. 

About 1920, General Relativity Theory presented a curious mixture 
of geometry and physics. To understand Eiiiatela's later endeavors, 
we miLst understand his reason for dissiitisfaction witli tlie structurB 
of field theories as they were tlien known. Thus, in Maxwell^s 
equations wc have; 

Gtven; and Uielr aiatlon 

Unkauwu: The electti;»ma tactic field 

In EinsteinV relativity tlieory, we have: 

Given t and EJielT matlou 

UnkaoivQ t Tb^ ^mvltalloiml Br aictrloil aeUl 

In relativity theory, the given and unknown fonn a stFonge nd^tture. 
Muss, (mergy has no geometrical counterpart. But the field hasl 

THE TWO SINS 

Ueneral Eolntivity Theory was born because of Einstein's dUsat- 
isfuction with the classical theory of gravitation. The new theory was 
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bom because of bis dissatisfaction with General Relntmty Theory, 
a weak point of which was the artilicial mixture of geometric and 
physical concepts. But another weak point is perhaps still more 
important. Both the electromagnetic and the gravitational theories 
are dualistic theories. In both of these theories, we have soukm of 
the field (charges, particles) and the field itself. Thus we see in both 
theories a mixture of two concepts: matter and field. It would be 
philosophicaUy much more satisfactory if we were able to build a 
unitary theory based on only one of tliese concepts. The triumphs 
of field theory w'ere too great to allow us to abandon the field concepts 
lienee, Einstein’s aim was to build a pure field theory. In mch a 
theory we would have only field concepts and etiuations of the field. 

But we could argue: How can we be satisfied with field erin ations 
alone! We know that matter is as real as the stone on which we 
stumble. The supporter of the unitarj^ field view would say that the 
existence of what kno^'n as matter should he deduced from the field 
equatiorkS alone* What is regarflcd as matter is situated in regions in 
which the field is especially strong- Jlotion of matter means that the 
regions in which the field is especially strong change with timc- 
Hence, A resting electron has to te represented in a unitary electro- 
magnetie theory hy a small region^ inside w'liich the field is very strongi 
and outside w'hich it dies out quickly. Such a regioni with a stroug 
but iinite fields represents concentrated energy—that is, niatter* 

A good field theory describes and interprets matter in terms of strong 
fields. Hence, from the point of view of logical simplicity, great prog¬ 
ress would be acliieved if both MaswelTa theory and General Rclatir^ 
ity Theory were to change into a pure field theoiy^ Such a theory 
would deal only with the concepts of thA electroma^etk field, charac^ 
terized by 6 functions^ and of the gravitational field, characterized 
by 10 f mictions. But the laws of these fields would have to be changed. 
Unlike MaxwcH's theory and Oeiierel Relativity Ihcor^, such ne\^ 
theories would liaTo to admit solutions representing matter. The old 
theories failed to do that. 

But even if we were to succeed in formulating a pure field theory, 
such a theory would stiU be tainted with another fault- Wc saw, in 
tlieold theories, that the gravitational field was a geometrical field too, 
but the elcctYDjoftgnctic field was u purely physical field. This divi¬ 
sion is again arUticial, and, accoi-ding to Einstein, a satisfactory theory 
ought to have the following features J 
It ought to bo A pure field theory. 

2. In it, electromognetic and gnivitutional fields ought to be treated 
on the same footing-Uiat is, both should characterire the gvometry 
of our universe. 
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So Einstein tried to remove the feuH of A double dunlism from our 
theories; the dualism of Eeld-matter and the dualisin of phjsics-geom- 
etty—that is, the dualism of electromagnetic versus gravitational field. 
He believed that a search for a simple geometry of our imtveise, but 
more getteral than that of Elemannian geometry, would lead us to pure 
field equations that describe electromagnetic and gravitational phenom¬ 
ena. More than tliat, such a theory, if successful, should disclose to us 
the properties of eleinentaiy particles from which atoms are built, and 
at the same time os plain the motion of planets, stars, and galaxies. 

THE END OF TBE SEAKCH? 

Einstein believes that he may have solved this great problem. In¬ 
deed, his new theory is fully a unitary theory- In it only the field 
appears, no sources of the field. The cixistcnce of matter will have to 
be deduced from the field equations by finding solutions that repre¬ 
sent great concentrations of the field. The new theorj' is a purely 
geometrical theory. 'liMrcreas the electromagnetic field is chameter- 
ized, in Maxwell's theory, by C functions; whereas the gravitational 
field is characterized in Einstein's old theory by 10 functions — ^in tire 
new tlieory, the metrical field is characterized by 16 (10+6) func¬ 
tions. To put this in technical language: the electromagnetic field 
is characterized by an antisymmetric tensor with 6 components, the 
gravitational field by a symmetrie tensor with 10 components, and 
tJie geometry of the new Einstein world by a general tensor of the 
second order witli 16 (6+10) components. 

In General Eelativity Theory, the Einstein field equations char¬ 
acterized the Riemannian geometry of our world. But the geometry 
of our world, according to Elnstein^s new theory, is a non-Kieman- 
nian geometry, and Einsteiu^s new field equations characterise this 
new non-RtemanJiian gtometiy' of our world. Every concept tliat 
appears in the new tlieory has its geometrical image. The distinc¬ 
tion between purely physical concepts and Ulose with a geometrical 
interpretation is gone. The distinction between matter and field is 
goue too. There i s only tlie field tl lat is both geometrical and physical. 
There are only tiie field equations that represent the geometry of 
our world and the laws of physics, 

TUB TEST OF THE NEW THEORY 

For weak fields, we regain from the new theory the laws of the 
old tlieories-^hnt is, Maxwell’s and the gravitational equations. This 
must be so, because every new theory must explain the phenomena 
that the abandoned theory explained. As always, so here, the dis¬ 
carded theory appears as a first approximatiun to the new one. 
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Although Einstein’s new tlieory lias many attnaclive features, we 
do not yet know whether it is a successfui unitary field theory; we do 
not know whether it contains solutions that can be interpreted ^ 
elementary particles. TVe know that the old Maxwell and Einstein 
theories did not give solutions of field equations that could be re¬ 
garded as particles* In the old theories, the existence of matter had 
to be assumed indeiatndently. Will the new theory succeed where 
the old theories failed! This is a crucial question, and we do not as 
yet know the answer. 

But the situation is still mors complicated. The modem develop- 
meut of physics concerns quantum laws which are valid inside the 
atom* It is not clear whether, and in what way, such laws could be 
deduced from Einstein’s field theory. Yet one should not be too 
skeptical* Einstein’s work has always met temporarily with ^ep- 
fiAigm becauss liia genius was aiiead of his times. This happened 
twice, and it may have happened again at tlie turn of our half- 
century. 
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Some Results iu the Field of High-Pressure 

Physics^ 


By P. W. Bsidcmajv 
Department of PKytiet, Ilarrard Umturnly 


Ijf THIS article I slmll describe some of the physical plieiiomena that 
arc produced in various materials when cxiiwsed to high hydrostatic 
pressures. Pressure is not usually thought of ns having any impoc- 
tant effect on the pro[)ert5e3 of materials, and indeed under the ordi¬ 
nary conditions in wliich human beings live it does not. The effect 
of temperature is usually fur nrtoro important for us, for tetOiieratui’e 
changes may produce such important results as the conversion of ordl- 
naiy liquid water to solid ice or gaseous steam. One reason for the 
comparative uniuipoi'tonce of prrasui'e is that the variations of pi'es- 
sure til at we can easily produce ore, eo far os the nioktulcs are con¬ 
cerned, not large. Under pressures that arc large for the molecules, 
changes may be produced quite as drastic as those brought about by 
changes of temperature. For eiumplc, water may not only be frozen 
Solid by the application of pressure alone, but pressure is capable of 
producing seven difFcrcnt kinds of Joe, something that mere alteration 
of temperature is unable to accompUsli. 

The pressures that arc large enough to affect molecules are in gene¬ 
ral of the order of thousands of atmospheres, und it is with sucli pres- 
that we shall Imj concerned here. 1o set the scale, a thousand 
atmospheres, or some 16,0«0 pounds per square inch, Is approsimately 
tlie pressure at tJie deepest pact of the ocean, produced by a column 
of water 0 miles high. Two thousand atmospheres is approximately 
tlie pressure in the eiploaion clmniber of a large gun. From tlie cos¬ 
mic point of view, the importance of understanding the effects of 
pressures of this magiiitudo is obvious, because all except a small frac¬ 
tion of 1 percent of the matter in tlio umvaise eiists under pressures 
greater than 1,000 atmospheres. 

In extending scientific measurements into tlie realm of pressures of 
this magnitude, various technological problems are cncountered. 
There is in the Brat place Uie problem of preventing leakage of the 
liquid by which pressure is transmitted. This problem may be solved 
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bj designiDg the piicking in such a way that the in it is main¬ 

tained automaticaUyf by the liquid pressure itself^ at a level higher 
by a filed pcroeutage than that in the liquid. The principle will be 
clear from iigiire 1, which illustrates the packing on the end of a 
piston by which pressure is generated. A piston packed in this way 



Ficuu t.—Applicatica to a pliton of the priaclpie bf which the ptemirE Lq the pacHn^ 
ii tauicutlcdljr nwinttinHl it i prcwirc gfqeter by i filed percenter then the premirc 
in the liquid. Leak* thenJore cannot ncnir. 

cannot leak, so that all one needs to do to produce any desired pres¬ 
sure is to push the piston into the pressure vessel with the necessary 
force. The force driving the piston is mtst advantageously obtained 
from a hydraulic press or some other form of hydraulic iiitcnsifier. 

“Any desired pressure” is, however, obviously subject to several 
limitatione, in particular the strength of the containing vessel and of 
the piston. It might perhaps be thought at first that the strength 
of the containing vessel could be increased indefinitely, merely by 
making the walls of the vessel of unlimited thickness. This unfortti- 
nately is not so, for even an infinitely tliick vessel has only a finite 
strength. The reason for this U that stress and strain are cQHcen- 
trated at the inner parts, so that the outer parts do not do their 
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proportionate share in supporting the preasure. In practice it turns 
out that the limit for heiTy cylinders of the beat heat-treated st^Is 
is about 15,000 atmospheres; this may bo increased for brief operations 
to 20,000 or more. Still higher pressures can perhaps bo achieved 
by shrinking hoops onto the vessel, as in a weU-kiiown method of gun 
construction, but even with such vessels the upper limit yet reached, 
in some ex|Mriineuta by Newitt, is in the neighborhood of 30,000 atm^- 
pheres. While the pressure vessel is reaching its limit t lw piston also 
is reaching its limit, the upper limit for the compressive strength of 
any steel now available being also in the neighborhood of 30,000 
atmospheres. 



Fiemis 2,-Shiiple turtbod of 

thrugt OB ihe plitoB, which produce inwrn#! prewmc to pii i e w- 
■uppOTLID^ COfU£^ deert- 


To reach higher pressures, a radical change in desi^ is 
For the piston, however, it is sufficient to change ® 

which it is made to carboloy, wliicL has a compressive st^gth more 
than twice that of the best steels. Carboloy is a product of 
meUllurgy, and is a sintered aggregate of tungsten carbide 
wiSa siS^ll amount of cobalt as binder. To obtain greater stren^m 
the pressure vessels more elaborate methods are nec^sary. . 
experiments it has involved giving the pressure vessel some sort of «- 
temal support to counteract the effect of the f ^ 
simplest way of doing this is to make the v^l oanical on 
surface and to push the entire pressin^essel into » 
sleeve as internal pressure increases. The ve^l , P ^ . 

sleeve in various ways. The simplest is to let the tiirust that dr 
the piston drive the vessel also into its sleeve; a method of doing this 
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is indicated in figure 2- Altcrnativdyj the pressure vessel may be 
forced into sleeve by an independent hydraulic press coupled in 
the proper ratio to the press which produces tlie internal pressure. 
The choice of method depends on the size of the upparatuB, and is 
detenu intxl by various factors mch as friction, which we cannot dis¬ 
cuss hero. The limit to the pressures that have been used in the 
laboratory in apparatus constructed with conical esterml supijort 
has been about rjO,ODO atmospherea* At Uiis pressure a new limiting 
effect appears t this is the ineipient extrusion of tlie pressure vessel 
through the supporting sleeve by the tlirust* or some other sort of 
fracture of the vessel due to the thrust. 

To roach yet higher pressures, the Tossel must receive still more 
effective supports Tliis may be given by immer^ng the pressure 
vessel in n liquid which is iiself exposed to high hydrostatic pressure. 
Jn this way the pressure ve^l receives complete support over its en¬ 
tire external surface. This proves effective enough to extend the 
raiigw from SO,tK>0 to 100,(K3fl atmospheres. The external supporting 
pressure necessary for this extension may be between 25^^000 and 
^10,000 atmospheres. 

So large an extension of range, from 150,000 to 100,000 atniospheres, 
by a supporting pressure of only 25,000 atmospheres, would not bo 
possible if it were not for the change iti the properties of steel and 
carbolny prmluced by a pressure of 25j.i>rH} atmo^iphereaf Under this 
pressure, eteci becomes much more ductile and also stronger* Car- 
boloy bot:omes stronger in compression and loses its brittleness, so 
that carboloy pistons can be subjected to pressures of 100,000 atmos¬ 
pheres or even more. Carboloy also increases in tensile strength, so 
til at the pressure vessel itself may be constructed of this material, 
supported on the outside by a shmiik-on steel jacket. The apparatus 
is iiidicatcil schpiuatically m figure 3; it is in fact an arrangement of 
one pressure vessel inside anotlien Tlieoretically, any extension wlmt- 
ever of the pressure range would be possible by this method, by 
making a nest of pressure vessels, each one eontaiirting a successively 
higher pressure supporting the vessels Tvitliin. Although theoreti¬ 
cally possible, no feasible mcthml of constructing more than the first 
apparatus in such a series has been found. 

It may appear panidoxical tliat at these very high pressures the 
problem which at first restricted experiments, namely the problem 
of preventing leak of the prcssure-transinilting medium, Im entirely 
disappeared). The reason for this is tliat at these pressures fluids no 
longer exist; all normal liquids or gases are frozen solid by the pres¬ 
sure. All tho elements ordinarily gaseous, except heliiiin, havo been 
sDlidirie<l at 50,000 atmopshercs;, and there is good reason to think that 
at 100,000 atmospheres helium, too, freezes solid In this region, prts- 
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sum have to he transmitted by soft solids and can bo only approii- 
mately bydrasUtic. Fortnimtely there are soft solids, such as tm or 
preferably indimn, of which the plastic shearing strength is low, so 
that pressure fails to be hydrostatic by only a few percent It is, 



B, F,- ^ L n-^urc TC$*cl jj caraii eu f imrocnfd m a li^“J (t&iiiedj, wmen 

Qeiva ihc ikfUttH 


ho^verer, not so easy to find a solid insulator wluch is miffici^tly 
yiddinc at 100,000 atmospheres to be also a good pressure transmitter. 
^ For frery sucressire increase in the pressure ran^ a P"'» 
be paid in a diminution in the shie of apparat^ which “ 

Aa^rt of experiment that can be made. Tlio vessel m which a 
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prcssura of 100,000 ntmosphet^ is generated is, on thu inside, only 
1.6 nun. in diameter and 8.0 mm. long. In this apparatus, volume 
changes can be measured with fair preeiaion, and the volume changes 
of a large number of substancea have been determined. Still higher 
presaurea can be reaelied, but, at this stage, on a scale so small that 
little research of scientiBc value has been done. The principle by 
wliich tlicse higher pressures may be reached is that used in makin g 
hardness measurements by pressing a Brinell ball or a dinnwmd 
cone into the material being tested. Stresses very much higher than 
normal may be supported over small areas if the surrounding mate¬ 
rial is unstressed and so can support the highly stressed region. 
With an arrangement of this sort, in which a short carboloy cone 
is pressed against a Hat carboloy block, the whole combination being 
mounted within a chamber at 30,000 atmospheres so that there is 
additional support by hydrostatic pressure, pressures in exce^ of 
400,000 atmospheres have been realized at the point of contact of the 
cone. However, not mttcli use can be made of these very high pres¬ 
sures, except to achieve the negative result of showing that certain 
transformations that might perhaps be expected are not in fact 
produced. In particular, graphite is not transformed into diamond 
by such a pressure at room temperature, although It is the thermo¬ 
dynamically stable form. 

All the pressures mentioned so far have been static pressures. 
Dynamically, as in the explosion of shaped charges, it h possible to 
reach very much higher presures, measured in millions of atmos¬ 
pheres, This is doubtless the ultimate method of getting high pres¬ 
sures (except by the use of atomic bombs), and a beginning is now 
being made. TJ»e difBciiltiea, however, to say nothing of the expense, 
are immense, and progress will probably be slow. The problem of 
measuring the prefsurcs and temperatures reached by such methods 
is itself an exceedingly formidabls one, and for the present the only 
method seems to be to extrapolate iiesults obtained by static metliods 
in lower ranges. Thus the results that can be obtained by the static 
methods outlined above will probably continue to have their useful¬ 
ness for some considerable time. 

Having now discussed the various methods of achieving high pres- 
stires we may turn to a consideration of some of the effects produced. 
The simplest of the^ effects, although by no means the simplest to 
measure, is the diminution of volume which all substances suffer 
under pressure. A general feature of the volume changes produced 
by hydrostatic pressut^j is that they are reversible, so tliat when pres¬ 
sure is relea.sed the volume recovers its original value. In other 
words, there is no dastio Umit or fracture point. Tliis Is strikingly 
different from what happens when change of shape is produced by 
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the appUcfition of powerful forces other than hydrostatic pressure. 
Most apparent eiccptions can be explained by the closing of flaws 
in the materinls. Tlicre arc some other apparent exceptions, due to 
a phase of greater thermodynamic stability than the original being 
produced by pressure. In such cases, however, die new phase created 
shows no permnnent change when pressure ia again applied and re* 
leased. Tlie reason for the failure of hydrostatic pressure to produce 
permanent changes is to be sought in the atomic constitution of 
matter. The specific volume of a sul^ance depends only on the 
nature of the atoms (or molecules) of which it is comiwscd; neglect¬ 
ing isotopes, there is only one kind of iron atom, for exam pie, not 
one kind before it has been compressed and another kind after¬ 
ward. This suggests that if pressures could bo applied which were 
high enough to change the atoms themselves we might expect per¬ 
manent changes of volume. Ordinarily, however, atomic transmuta¬ 
tion is not brought about by pressure only, and we therefore have 
perfect volume elasticity* 

In the realm of terrestrial pressures, within which the atoms Temain 
unaltered, at least three classes of effect must be considered. In the 
first place there is the gaseous range. Here compressibilities are very 
high, volume being approximately inversely proportional to pressure. 
The mechanism is a kinetic one, pressure being exerted by tJie collision 
of the molecules with the walls of the container. Pressure is twice as 
high at half the volume because there arc approximately twice as many 
collisions per unit area of the walK This effect cannot, however, p^- 
gist OTOr any considemble range of pressttre^ beciiuse eventually the 
molecules begin to interfere with ench other through being pushed too 
closely together, Wlien this happens a new effect occurs. Increasing 
pressure now pushes the molecules progressively more closely together 
nil die empty spaces between t hem are squeezed out and the mole¬ 
cules are effectively in contact. This is the sort of thing that occurs in 
the compression of liquids under ordinery conditions, or in the com¬ 
pression of gases under such high pressures that their density 
proaches that of liquids. This effect is characterized by a oomprcssi- 
bility that falls off rapidly with decreasing volume, for at first the 
empty spaces can be squeezed smaller with comparatii;* ease, but when 
the molecules are nearly in complete contact this possibility is greatly 
reduced. The tliird effect now begins, namely, the deformation of the 
molecules or atoms tliamselves after they have been squeezed mtoeffw- 
tivo contact. It is with this that we are primarily concerned in the 
compression of soUds. ilodem knowledge of the atom as a system of 
electrons and nucleus, depicting the atom as consisting almost entirely 
of emptv space pervaded by an intense field of fora, mak^ compre¬ 
hensible a high degree of doformability under pressure in the atom it- 
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sdf* According to tliis picturB, ntoms with the most complicated elec¬ 
tronic stnictiires should be capable of a UigUer degree of compression 
than those with less coinpUcated sttiicturesL Tliis is exactly what is 
found. For examplci nitrogen, in the region in which interfercnco be¬ 
tween the molecnles begins and the ideal gas Jaw^s lose their validity, 
loses its compressibility much more rapidly than does helimn, because 
the molecules of nitrogen ore larger and ate more quickly brought into 
contact. At still higher pressures, however, when the vacant spaces be¬ 
tween molecules have been largely squeezed out, nitrogen becomes more 
compressible than helium, because the molecule of nitrogen is larger 
and more complex Umn that of helium, and therefore possesses the 
possibility of undergoing a greater degree of compression. 

It is, of course, to be understood that there is no sharp dividing line 
between these three mechanisms by which a substance responds to nn 
external pressure by losing volume; at any instant all three mechanisms 
are present together. It is tl^e relative imtiortance of the tlrree mech- 
animis which changes with increasing pressure. It has already been 
suggested tliat nt still higher pressures the atoms tlicmselves may begin 
to break. As a result of its complex structure an atom may conceiv¬ 
ably break in many way a. It is qtdte possible that what hap;>cns may 
not be anything like as catastrophic and in-eversible as the change we 
ordinarily associate with brea^king; it may merely be a rearrangement 
of the electrons in their orbits, and there is no reaeon w*hy such a rear- 
rangoment sl)Oulc] not be reversible. At pressures higher tlian those 
yet reached in the lalxiratory, lunounting perhaps to several millions of 
atmospheres^ we may expect all sorts of detailed changes of this kind to 
be produced in ntoms. In the laboratory, two iusUtices have already 
been found of an inner rearrangement presumably due to pressure* 
Tlic clement cesium, w'hich is the most compressible of the metals, 
undergoes an abrupt change of volume at 45,000 aimosiphcrcs. This 
change is large —17 percent — and there seems to be no explanation for 
it in terms of the ordinary lattice structure of the metal, because it is 
highly probable that below 45,000 atniospheres the lattice is already 
in the close-packed, face-centered cubic arrangement. It would seem 
that pressure could not Jiinko a more closely packed arrangen:ient than 
one w Inch is already cla^packed. The explanation seems to be that 
a rearrangement of the electronic orbits within the atones is brought 
about by pressure. 1 he details have been w'orked out in a recent paper 
by Stemheimer; he shows that an electronic transition from a 6^i 
to a zone exactly accoiiuts for all the experimental facta. Metallic 
cerium is doubtless a similar case; it shows an abrupt volume change 
at 7,000 atniosplicres, of the same order of magnitude as that w'hich 
occurs in cesium, lu the coflo of cerhun it lias been shown by ingen¬ 
ious experiments at the University of Chicago that both above and 
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bdow the discontinuity the lattlw arrangement is the same face- 
centered, close-packed arrangement. The presumption is therefore 
again that there must be an inner electronic change, although the theo¬ 
retical details liaT© not yet been worked out. 

In figure 4 the Tolume changes of some of the ordinary solid elements 
are shown as a function of pressure in the range “P to 100,<^atm^ 
pheres. There is a great variability in compressibility. The most 
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Tim least compre^ible substance Is probably carl^ 
diamond, which under the some pre^ure is 

percent of its initial volume. Tlie diagram indicates that for mtet 

lubsuncn 111. kiss of volmn. is to 

Lho pressure I the lirtca are strongly curv i on. £ the same effect 

DM*ibililv drops off with toressing pnMoro. This is thessmo mki 
^ l^polS to liquids, hut it is o„ s differool sod mush oK*. «•«.- 



























































208 AIWUAt HEPOBT SJftTHSOJfJAN rNSTlTUTIOSJ, l&St 

scale. It must mean that inside the atom there is some sort of mu¬ 
tual interference between the electronic orbits, analogous to the inter- 
ference between atoms or molecules that occurs in liquids. Tlic neces¬ 
sity for the nonlinearity in the relation between pressure and volume is 
obvious, for, if it were not so, volumes would eventually become nega¬ 
tive at sutSciently high pressure. Thus it can be calculated that if 
the compressibility of cesium continued at its initial rate, the metal 
would bo squeezed out of existence altogether by a pressure of only 
)4,000 atmospheres. 

Although every volume-pressure curve must eventually be convex 
toward the pressure axis, there may be an opposite curvature over 
considcruble pressure ranges, Tfiere is no meclianical or thermo¬ 
dynamical reason why compreisaibility should not in some circum¬ 
stances increase with increasing presure. Examples of this are in 
fact known; the most striking is perliaps quartz glass. Its com¬ 
pressibility increases with pressure over a wide range. Such be¬ 
havior cannot, however, continue indefinitely, and sooner or later 
there must be a reversal. Experiment shows that the reversal occurs 
at a pre^nre of 35,000 atmospheres, where the volume is still far above 
zero, being in fact 80A percent of its initial value. Above 35,000, com¬ 
pressibility decreases in tlie normal way with rising pressure. The 
abnormality ceases so abruptly at 35,000 that there is a cusp on the 
pressure-volume curve. It is os if there were some special mechanism 
responsible for the abnormality, which abruptly goes out of action at 
35,000 atmospheres, A plausible mechanism would assume some¬ 
thing in the nature of lenticular cavities in the structure, which are 
squeezed flat at 35,000 atmospheres. 

Tlio pressure-volume curves in figure 4 contain several examples 
of discontinuities, lliese arc due to transitions of on© kind or another. 
In most cases they are ordinary polymorphic transitions r^ulting 
from a change in the cryst.a] lattice, Ttie proof that they represent 
tramsitjons of this sort is usually indirect and presumptive, but in 
some instances direct proof can be given. One meUiod is by X-ray 
analysis of the new phase while it is under pressure. Another is to 
follow the transition to atmospheric pressure by suitably changing 
the temperature, and then to establish the nature of the transition at 
atmospheric pressure by some convenient method not subject to the 
limitations of high-pressure measurements. 

It will be seen from figure 4 that in some cases a substance may 
show more than one discontinuity. On© of the most interesting of 
such substances is bismuth. At atmospheric pr^ure, bismuth is 
abnormal in many ways; in particular it is one of the few substances 
which, like water, expand when they fi*eeao. Thormodynamica de¬ 
mands that for substances of this sort lb© effect of pressure should be 
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to low€r the melting point. Thia effect was found for water compar- 
atWely early t the agreement between the eiperimenUlly determm^ 
and the theoretically calculated lowering of the freezing point was in 
fact one of tlio early triumphs of the then young science of therm^ 
dynamics, Ifuch Inter, I found tliat the melting point of bismuth is 
similarly lowered by application of pressure, as would be cxiweted, 
\Yhat, it may be asked, can we expect to be the ultimate course of the 
freezing curve of water as we raise pressure indefinitely? In the 
caae of water, it is found experimentally that, at first, increasing 
pressure only accentuates the effect, for at higher pressures the ab¬ 
normal increase of Toliime on freezing b^mes larger, and tberc^re 
the melting point is depressed at a continually aocclerating rate. One 
would expect that this could not continue indefinitely, and m fact it 
does not. It was Tammann who first found how water estricatca 
itself from its dilemma. At - 22“ C. and 0^ atmospher^ ordinary 
ice abruptly gives up the unequal struggle and collapses into a new 
kind of ice, a very large decrease of volume occurring at the same time. 
In fact, the decrease of volume is so large that the new solid has a 
smaller volume than the liquid from which it freezes. Ihis means 
that Uie melting point of the new form of ice increases with rising pres¬ 
sure. Kot only this, but, as the pressure continues to rise, the new 
Lee discovered by Tammann OTentiially becomes unstable m its turn 
and is replaced by a succession of others, witji still snmUer^ volumes 
and more rapidly rising melting points. In all, se^n kinds of ice ha™ 
so far been discovered. The last of these may be heated without m^ 
ing to the temperature of melting solder, provided a pressure of 4S,OQO 

atmospheres is applied. ,, 

By analogy, it was expected that a new kind of bismu^i would 
appear at high pressures to replace the ordinary abnoi™! bismuth, 
and that the melting point of the new bisinuth wou d nw with prM- 
siiw. Searoh for tiiis hypothetical bismuth was diligently made by 
workei-s in the high-pressure field, but for a long time with no success. 
Eveutually the new modillcation was found, but at a pr^ re con¬ 
siderably higher than had been anticiijated, namely at M,000 atraos- 
pheriH, more tlian 10 times the pressure which produces the analogous 
Lu^on in ice. Furthermore, there are still other transitions of 
bismiitli at even higher pressures, as tl^re are for ice. ^ 

shows transitions at 45,000, 65,000, and W,000 “Jdi- 

tion to the one already mentioned at 25,000 atmosphare^ In reaSi^ 
the transition at 25,000 is double, tliere being two 
together-within a thousand atmospheres of each other^t it w^ld 
hTe been confusing to try to separate them in the diagram. Thus 
alUiS there are five known transitions of bismuth, or aix^ly 
mlThic modifications of the solid. This is the same as tlie known 
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number of etflble modifications of ioe, so tbafc tlie two substBuces 
would seem to be finite clo^lj parallel. 

There are two other fairly welUkiiown elements which, like bismuth^ 
are abnormal in that they expand on freezing. These are antimony 
and gallium. The same question arises with respect to theini will 
they also hare other modificatione under pressure, and will the melt¬ 
ing-point curve of tlie new modiheatien rise instead of fall! Of 
these two substances antimony ig in many respects much like bismuth: 
chemically it is closely related, and it ciystallizes in the seme system. 
Figure 4 shows that it, too, has a transition under pressure but at a 
pressure more than three times that of bismuth—8^,000 atmospheres 
instead of 25,WO. It may well be, therefore, tliat bismuth and anti¬ 
mony are analogous in their polymorphic behavior. Proof of this 
must, however, wait until higher pressures can be commanded in the 
laboratory for it would appear that the pressure scale of the phe¬ 
nomena in antimony is more than three times as great as the scale for 
bismuth. Also the melting point of antimony is much higher than 
tliat of bismuth, so that it has not been possible to find experimentally 
whether the melting point of the new- antimony is raised by pressure. 

The otlver abnonnal element, gallium, proves to fall into line as 
well, and here the pressure scale is fortuimtely smaller. A new gal^ 
iium appeal^ at a pressure of about 12,000 atmospheres, and the 
melting point rises with pressure. Gallium and water are parallel in 
that galliimi has ti higli-pressure modification which is totally unstable 
thermodynamically with respect to the other modifications; similarly 
there is a totally unstable form of ice that appears at temperatures 
below 0® C. and at pressures above 4,000 atmospheres. 

Considering all three substances—water, bismutli, and gallium— 
it w-ould thus appear that pressure ultimately wi^ies out the ordinary 
abnormal forms and they become normal, at lea^ to the extent that 
their melting point rises with increasing pressure. 

Figure 4 allows another example of polymorjjhism induced by pres¬ 
sure ; barium possesses two transitions and three modifications. Poly¬ 
morphism is indeed a phenomenon commonly encountered in high- 
pr^sure research. Among the seveml hundred substances that I have 
examined, about one-third sliow polymorphic transitions. The phase 
diagrams of most of these substances have been examined, and it is 
possible to sliow how the pressure at w-hich a transition occurs changes 
with tempemture. Study of these phase diagruiiis reveals that many 
of the modificationa found under pressure are quite new, in that they 
do not occur at atmospheric pressure at auy temperature. Furtlier- 
morc, there seems to he no tendency for the phenomenon to exhaust 
itself m the pr^ure range is iDcreased ; on a statistical basis, the 
probability that pressure will prtxluce a new modification in an un- 
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known substance is proportional to the pressure. "P* “Snlficanw 
this in geophysics is obviaua; it maaiiB that the probability is that e 
materials in the earth’s crust occur there in forms with winch we are 
not familiar in the laboratory, and Uiercfore have unfamiliar physical 
nroDcrties. I'hls implies tlmt it is hazardous to infer the composi¬ 
tion of the eartli’s crust from such evidence about its properties as is 
Eiven by the velocity of propagation of seismic dirturbaiiccs. Un¬ 
certainty with regard to inferences of tliis sort can bo removed only 

bv specific and detailed knowledge- . • i 

The transitions discussed thus far have been characteri J 
thermodynamic reversibility; when the pressure to remov^ the sub¬ 
stance reverts to i ts original condition, unless by chance it is hinde^ 
at comparatively low temperetures by internal viscosity. InaddiUoa 
to these reversible transitions there are a few eaamples Imo n _ 
essentially irreversible transitions produced by pressure. Jriera tbe 
substance 13 converted into a new form by the appliration of pre^ra; 
this new form is then pcmmnontly retained and is thermodynamis^Hy 
stable when the pressure to removed. The transformation of yellow 
phosphorus into black by a pressure of 12,000 atmospheres at 200 C, 
to an esample that has been known for a long Ume 
tion may bo made to occur at room temperature by 30,000 or 40,000 
atmospheres. At still higher prc8sure5H-fiO,000 atm^pber^ or s^ 
the more stable rc<l or violet phosphorus may be 
same black variety. Another example is carbon disulfide. 
stance, ordinarily a highly volatile liquid, is sloudy 
175“ C. and 40,000 atmospheres into a permanent black solid, denser 
than the elements from which it is constructed. 

The theory of these irreversible transitions is even less well uiid^- 
stood than that of the reversible polymorphic tra^itiou^ and ind^^, 
as far as I know, no example has ever been worked out theoretically. 
Until we have some theoretical basis for knowing what ^ 
we must contemplate tlie possibility^at any ^ 
daily life can, by sufficient pressure, be pushed over a potential liiU 
iiito^some entirely unknown form poascssing new, and perhaps desir¬ 
able, properties. 
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So^e 3,000 years ago, according to the Old Testaineiit, Joshua, the 
son of Xun, led the Israelites over the river Jordan into the promised 
land. And then, once each day for G days, seven priosU cariying seven 
trumpets made of rains' horns circled the vralled city of Jericho. And 
on the seventh day the priests circled the walls seven times, and on the 
seventh time the priests blew a loud blast on the trumpets, and the Isra¬ 
elites sliouted a loud shout, and the walla of Jericho fell down flat. 
Thus must history reach bock into antiquity to find the first allusion to 
the use of sound energy for a purpose other than hearing. 

Thirty centuries later, in the field of ultrasonics, spectacular use is 
again being made of “sound" energy. Although inandlbla to the hu¬ 
man ear, ultrasonic “sound” waves have all the physical properties of 
audible sound waves, differing only in frequency. But it is this dif¬ 
ference in frequency, end the consequent concentration of energy, 
which lead to the very different effects obtainable with ultrasonic 
wares. 

Audible sounds, or sonic waves, range in frequency from about 20 
cycles per second to about 20 kilocycles per second. Ultrasonic 
waves are defined os vibrational or “sound" waves which have a fre¬ 
quency higher than 20 kilocycles. ^Vliether inaudible vibrational 
ivaves should be called sound waves is a debatable issue, depending for 
its resolution on the definition of sound on a physicol or on a psych^ 
logical basis. Not many years ago the waves now known as uUnisonic 
went under the name of supersonic. This latter name left a lasting 
impression in the field of radio. Although radio waves ore electro¬ 
magnetic rather than sound waves, the intermediate frequency used in 
the most popular tyi>e of radio receiver was in the “supersonic" fre¬ 
quency range and led to the designation of this receiver os a suporaoivie 
heterodyne, or, more briefly, a superheterodyne receiver. When the 

* lle|>rtpteil by sxsnaJjHilon fwiD Ttv4pji tfJl- S, N&- fti AitfiiWl ISW. 

2 ia 





214 ANTfUAL REPOBT SMITH&QNIAN IXSTiTITTION, 1951 

aviation indisj^try uppropnated the word supersonic to refer to Tcloci- 
tifts greater than that of sounds physicists were forced to devise the 
word nJtrasonic for frequencies higlier than those of audible sound. 
To retain its original meaning die superheterodyne receiver sliould 
today be called ultrahetergdyne 1 

PROPERTIES 

Tlie properties which give rise to the unusual effects of ultrasonic 
waves follow from principles common to all wave phenomena. In a 
given medium the waT'ckngtli of a wave is in verily proportional to 
the frequency, so n high frequency implies a short wnvelengtiL 
Fnrthennorej the directional character of wave propagation is a 
function of the wavelengths Supi>Q^ tlmt a vibrating ciitrular piston 
is used to generale sound waves* If the frequency is low the wavea 
spread out from the source in all directions and bend around corner^. 
As the frequency is raised the waves begin to assume directional 
characteristics, that is, more of the wavo energy is propagated in 
certain directions than in others and bending becomes less pro¬ 
nounced. At higli frequencies most of the w^iive energy is concen¬ 
trated in ft truncated cone. The angle of the cono is a function of the 
mtio of the wavelength of the wave to the diameter of the piston 
source; die smaller the ratio, the smaller Ihe angle of the cone. Waves 
of high fre<iucncy, or short wavelength, will therefore be propagated 
dally in a given direction w'itli negligible bonding. Ultrasonic 
waves have been generated at frequencies as high as 500 megacycles, 
corresponding to a wavelength in air equal to that of visible red lights 
Such ultrasonic rudiatlon has all the directional properties of a beam 
of lights Unfortunately, the attenuation of the radiation is also pro¬ 
portional to the frequency, or ratlior to tho square of the frequency, 
so that sharply deJined beams caimot be propagated over long dis¬ 
tances. Nevertheless, even at frequencies as low as 20 kilocycles, 
beams of ultrasonic waves ai'e well enough defined to be used hi sub¬ 
marine detection. 

The intensity of radiation being defined as the energy passing 
through a unit nrea jjer unit time, it is apparent that the concentration 
of ultrasonic radiation into a cone makes it possible to produce 1>eams 
of very Ingh intensity. During the past decade ultrasonic sources 
have been made to generate as much as 60 watts per square centimeter, 
and beams of radiation have been focused to yield intensities as high 
as 6,000 watts per square centimeter. ITicse toagnitudes bfM^ome im¬ 
press ivo when compared with tho intensities of familiar audible 
souiidSi At a distance of 2 meters from a trumpeter the sound inten¬ 
sity is about one-millionth of a watt per square centime ter. if all the 
sound luicrgy generated by a full symphony orchestra could bo concen- 
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irated iu a point source, at a distance of S meters the intensity would 
be about 1 tcn*tliotisandlh of a watt per square centimeter which is 
the threshold of pain for the human ear. If all the residents of New 
York City (population about 7 milUon) were to speak at the same 
time, the total power they would generate would be just about enough 
to light a 60-watt lamp. Obviously, the intensities attainable witli 
ultrasonic waves are enormous in comparsion with those in the audible 
range. The phenomena discovered in the field of ultrasonics are the 
direct result of tlie short wavelengtli and the concoHiilatit high inten¬ 
sity of ultrasonic waves, 

liABLY OKNERATOBS 

The first man-made generator of sustained ultrasonic waves was 
designed as long ago as 18S3, when a forced-air whistle reached the 
frequency of S5 kilocyclsjs. Nature, Iiow'ever, anticipated the work 
of man by endowing the bat with an ultrasonic generator of itn own. 
Using the vocal cords in its laryni, the bat generates and emits sound 
waves in pulses of S-millisecouds duration at a rate of about 30 per 
second. The frequency in each pulse ranges from about 30 to 100 
kilocycles. fieHections received by the bat's cars indicate tlie location 
of obstacles, and, in this radarlike manner, ultrasonic radiation ia used 
by the bat to guide itself in flight. 

Following the forced-nir whistle, a timing fork with tinea only 
several niillimetors in length was developed near tlie end of the last 
century, with a frequency ranging ns high us 00 kilocycles. Both the 
whistle and the fork, however, yiehied frequencies which could not be 
contmlled accurately and output powers which were relatively small. 
There was but little further progress in the development of ultrasoruc 
generators until the first TVorld War wlicn Prof. Paul Ijuigevin, 
director of the School of Physics and Chemistry in Paris, was re¬ 
quested by the French Government to devise some method of detecting 
submarines to combat the U-boat menace. 

A few years earlier, following tlie rifosMo disaster, an Ijiglisliman 
muned L. F. Richardson suggesfted that a hydraulic whistle be used 
to locate underwater navigational hazards such as icebergs through 
the echo of a narrow beam of ultrasonic waves, but experiment proved 
his apparatus to be ineffective. Then, in 1915, a Russian engineer 
named Chilowski proposed that uitrasonic vibrations be excited in a 
mica condenser by a Poulsen are and that the relation from the 
vibrating condenser be used for underwater detection. Prof. Lange- 
vin tested and then developed Clulowski's idea to such an extent tliat 
a transmission range of 2,000 yards in tlie Seine River was attained 
early in 1016, despite the fact that the frequency stability and power 
output of the generator still left much to be desired. Shortly there- 
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after, two imiielated scientific discoveries were combined by Langevin 
to provide for the first time a dependable soui-ice of ultruRtnie waves 
of controllable frequency and intensity. To replace the inherently 
unstable Pouben arc, I-^ngevin chose the ncwl)" developed and far 
niorc stable vacuum-tube oscillator. To replace the mica condenser 
he chose a piezoelectric crystal. 

Previously, tlie pieasoelectric effect had liad no practical application. 
A Frcndi apothecary, Pierre de la Seignette, of La Hochelle, in 1673 
discovered the crystal known as Itochelle salt. In 1880^ Pierre and 
Jacques Curie found that mechanical stresses produced electric charges 
on the faces of a Kochclle-aalt crystal The inverse of this piezoelec¬ 
tric (pressureelectricity) effect was theoretically predicted by Lipp- 
rnmn in 1881 and experimeutally verified by the Curies the following 
year—a voltage applied across the crystal produced a change in die 
thickness of tlie cry-staU Although it w^as later discovered that many 
other crystals, inctuding quartz^ liad this same pro|H!rty, the piezo¬ 
electric effect itiinaiued nothing more than a scientific curiosity until 
1917, In ihat year Langevin, who became acquainted wjtli the effect 
while a student in, the laboratory of the Curie bruthera^ applied the 
output of a vacuum-tube oscilUitor acixyss a quartz crystal to prfjduce 
the first stable, powerful generator of ultrasonic waves. 

Today Langevin^s generator, wdth relatively minor improvements, 
rematna the best source of ultro^nic radiation of precisely controllable 
frequency nnd intensity. The high-frequency voltage output of a 
vacuum-tube oscillator is applied to electrodes on opposite faces of 
a properly cut crystni. When the oscillator frequency is adjusted 
to the natural resonant fmjuenoy of the crystal powerful medianical 
vibrations result, and a beam of ultrasonic wavea is radiated tlirougb 
the medium siirroiinding the crystal. In addition to quartz and 
Bodielle salt, a number of other iiatuml and spithetic crysials may be 
employe<l to serve particular applications. 

LATKR generators 

During the decade following the first W^orld AVer, progma in ultra¬ 
sonics again slowetl to a siiaiFs pace except for certain classified mili¬ 
tary developments in underwater signaling jind the development of 
tlie magnetostriction o^^ullator in 19*25 by G. W* Pierce. Pierce used 
a ferrous-iiictnl rod as the core of a fiolenoid which was energiKcd by 
on alternaling current. -\s tlie rcimit of magnetostriction, the fer¬ 
rous rod periodically changed ita length in the alternating magnetic 
field mid a beam of ultrasonic waves was mdiated from the end of 
the vibrating rod. riiia magnetostriction generator is widely used 
today, but is limited in the range of freipienciee it can generate. For 
high frequencies the length of the ferrous rofl required for resonance 
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becomes too short for practical use, limiting the output of this gen¬ 
erator to a maximum frcrjoency of about 6(1 kilocycles. For higher 
frequencies the piezoelectric generator has no contender. 

It was not until 1030 tliat nonmilitary ultrasonic research received 
its first real impetus as tlie result of the work of li. W. l\ood and 
A. L. Loomis. Wood, who attributed his interest in the subject to 
the demonstrations he witnessed in Lungevin's laboratory at Toulon, 
imbued Loomis with his own enthtislasm. Alfred Loomis, a wealthy 
amateur (in the French sense of the word) in the physical science^ 
helped Wood set up an elaborate laboratory at Tujt^o Park, N. Y., 
where tltey undertook the lirsL serious, comprehensive study of the 
physical and biological efFecta of ultrasonic radiation. 

Their apparatus consisted of a disk of quartz resting upon a lead 
plate at the bottom of a sliallow dish filled with transformer oil. The 
upper surface of the quartz was covered by a thin metal foil, and the 
foil and the lead plate were connected to the output of a 2-kilowntt 
vacuum-tube oscillator. The oscillator was an impwjing affair indeed 1 
Consisting of two Imge Pliotron tubes, a huge bank of oil condeiLsers, 
a variable condenser G feet iiigh and 2 feet in diameter, and an induc¬ 
tion coilf it delivered upwards of 50,000 alternating volts to the quarU 
Iransdiicer. 

Whm the quartz was excited near it^i resonant fi^tienc>% a nioimd 
of oil was raised several centimeters obova the oil level in the dish 
and appeared to bo in violent agitation. A thermometer imnierecd 
in tlie oil showed only a moderate rise in ternparatlire, but a finger 
immersed in the oil experienced a scalding pain of considerable 
severity. 'n’Tien a teat tube containing paraffin and water was held 
in the oil bath, a rapid dispersion of Uie paraffin in the water took 
place, yielding a suspension of unusiml iiermancnce. Blood corpus¬ 
cles and other cells of animal or vegetable tlEsues immersed iu a bath 
in contact with the oil were violently disrupted, and froga and 
small fish were quickly killed. A tni>cr]ag glass rod, half a milli¬ 
meter in diameter at the tip, with its butt immersetl in the oil, trans¬ 
mitted ultrasonic vibrations of such intensity that a chip of wood 
fimoked and emitted sparks when pressed against the tip, the rod 
burning its way rapidly through tlie wo«l. If a glass plate was 
substituted for the wootl, the rod drilled its way through the plate 
throwing out the displnc^ material in the form of a fine powder or 
minute fused globules of g1a.ss. The heating occurred only at the 
jmint of contact, the remainder of the glass rod being quite cold. 
These and a host of other new and interesting discovered by 

Wood and Loomis pointed out the path which has since led into fields 
of the most surprising variety, interest, and practical importance. 
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A TOOL FOR RESEARCH 

A discovery of particular importance waa made in 1932 at the 
Massachusetts Institute of Teclmology. During the course of a lec¬ 
ture, Prof Peter Debye discussed Brilloum's theory of the dispersion 
of light and X-rays by heat motion treated as a system of elastic vravea 
at witich Bragg reflections take placa* Debye predicted that tlie 
periodic variations in density in a liqnid traversed by ultrasonic waves 
would give rise to the diffraction of light traversing the ultrasonic 
field. Prof F. W. Sc^trs, who happened to be in the audience, im¬ 
mediately thereafter set tip the experiment. He immersed a quarts 
plate with metallic electrodes in a glass trough, of rectangular cross 
section, filled with carbon tetracliJoride, and applied a radio-frequency 
voltage to tlie crysta!, thus sending a train of ultrasonic waves down 
the trough, A source of monochromatic light, a sUt, and a lens were 
so arrranged that a parallel beam of light w'aa sent through the liquid 
peqiendicular to the patli of the sound waves. After passage tlirough 
the trough the fight was gnthered by another lens and, true to the 
prediction of Debye, formed, instead of a single image of the slit, a 
beautiful series of ita diffraction unages. Thus was bom the Debye- 
Sears effect. 

The ultrasonic waves in the liquid set up re^^otis of strong compreu- 
eion and rarefaction with different indices of refraction of light. 
These regions act like a phase grating (echelon) to produce the vari¬ 
ous diffraction images- From the spacing of the images and tJie wave¬ 
length of the light the sound wavelength can be determined, which, 
together with the frequency of the sound, pem^iits the determination 
of the velocity of the sound in the liquid. The measurement of the 
velocity of ultrasonic waves in a given medium by tliis metliod, and 
by interferometric and pulse methods, permits tlie determination of 
various molecular propertitss which are of interest to both the physi¬ 
cist and the chemist. For example, these measurements permit the 
determination of the adiabatic compressibility, whidi^ in turn, per¬ 
mits the computation of the specific heat at constant volume, otherwise 
calculable only by means of complicated thermodynamic relations. 
From such mea^rements the relation between the coniprossibility 
and the concentration of solutions was detennined, permitting the 
test of a number of interesting questions in the modem theory of 
electroJjtesL Theory predicted that the molar compressibility of 
electrolytes should vary as the square root of the molar concentration, 
a prediction that was confirmed by tl^ese ultrasonic methods. The 
measured variation of the velocity of sound with frequency, not pre¬ 
dicted by classical tlieory, leads to a determination, via quantum statis¬ 
tics, of the lifetimes of the excited vibrational states of various atoms 
and the collision efficiency for excitation. 
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Ultrasonic waves are also used to set up space transmLesion gratings 
in transparent solids, wUich then scatter light in the way that crystal 
atoms scatter X-rays, resulting in diffraction patterns similar to tUoM 
of X-ray Lane patterns. Measurements made on these patterns ^wnnit 
the evaluation of the longitudinal and sliear velocities of sound in the 
solid, and hence of the elastic constants of tlie medium. Similar 
measurements permit the determination of the photoelastio constants 
of the material with greater precision and far less work than was en¬ 
tailed in the older interferometric methods. It should bo clear from 
the foregoing that ultrasonic researrli can ho exiiected to be of use to 
tho molecular physicist, who ordinarily relies upon light or intense 
electric and magnetic fields to produce disturbances which he can 
measure. In ultroaonics he has a new agent, a mechanical oue, with 

which to work. .■ n 

As tlie intensity of tlie ultrasonic waves in the liquid-dinrnction cell 
is increaMd, more and more light is forced from tlie sere order into the 
diffracted images, and at a certain sound intensity all the light is re¬ 
moved from the zero order. If a slit is used to permit only tlie zero 
order light to pass, the amount of light passing through tho slit can be 
controlled by the iiitensity of the ultrasonic waves. Ultrasonic cells, 
which thus act ns light valves, have been used ns the iiglib-modulating 
element in sound-on-film recording systems and in tho British Scoph- 
ony system oi telOTisiom Furthermore, if stationary ul trasonic wav 
are set up in the cell by reflection, tlie diffraction effect is iutermittent, 
with double the frequency of the sound, the sound-wave grating being 
created and destroyed twice each cycle. Liglit passing through 
exit slit is then modulated with this frequency and can bo used to give 
stroboscopic illumination with considerably belter light output, sim¬ 
pler construction, and lower electrical losses than the widely used Ken- 
cell. A drawback, however, is tho fact tlmt the modulation frequency 
depends upon the resoiiaut frequency of the particular crystal used 
and hence is not continuously variable. Still another slight change 
in the optical system, the addition of o lens to focus the central plane of 
the cell on a screen, permits the actual shaiio of the sound beam to bo 
made visible. Very clear photographs of the reflection, refraction, 
and interference of ultrasonic waves can thus be obtained. 

A FEW applications 

Since the pioneer work of Wood and Loomis, each year has seen now 
progress In ultrasonirs. University and industrial loboratorios inves¬ 
tigated the potentialities of the new field from various directions. 
Navy interest in sonar also stimulated ultrasonic rcaeardi, and both the 
Navy and the Army Signal Corps sponsored investigations of the prop¬ 
erties and effects of high-frequency sound. The ^ults of these inves- 
tigationa indicate the unusually wide applicability of ultrasonics. 
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A pulse technique has been derclaped for the location of flaws in 
metals nnd other solid materials. A crystal is used to send a short 
pulse of ultrasonic waves into the object to be tested. The same crystal 
ig used (thmiigh the direct piezoelectric effect) to receive reflections 
of the prhnary pulse. The amplified, electrical output of the ciy'stal, 
portrayed on the screen of a catliode-ruy oscilloscope^ depicts the pri¬ 
mary pulse and all reflt^cted pulss^s. Reflections caused by flaws permit 
the pi'esence and location of imperfections to be detected. This tech¬ 
nique poss^ses advantages over X-ray testing in that the equipment 
is portable^ and far greater depths of material can be penetrated. 
Classes of raw materials can be tested to avoid the machining of da- 
fectiTo material^ and periodic fatigue checks can easily be made on 
parts which are under strain as they w^ork without the dismantling of 
the machinery. One major rutdiei' company tests its entire output of 
tires by such ultrasonic methods. 

The violent agitation produced by high-intensity sotind weaves has 
a markcfl disi>crsive effect on ^lids and liquids in liquids, producing 
true colloidal solutions and fine emulsions. By means of ultrasonic 
irradiation while in tlie molten state, alloys can be pr<Hluced of metals 
such as iron and lead which are ordinarily not miscible in the liquid 
state. Neiv bearing materials have been made in this way. By such 
means it has also been jmssible to produce photographic emulsions of 
improved homogeneity, stability, and sensitivity, Tlie homogeniza¬ 
tion of milk through ulti-asonic irradiation Lg today an industrial 
process;. The coarse crystals of sulfathiazole have been broken down 
by ultrasonics to form a creamy emulsion which can be injected through 
line liypoclennic needles, n technique which was previously iinpo^ible. 

In spite of the fact tlmt ultrascmic waves have this strong dispersive 
effect on hydrosols, their effect on aerosols is eiacLly the opposite— 
namely, coagulation. Irradiation by intense high-frequency sound 
causes almost inmiediate agglomeration and precipitation of the solid 
ami liquid particles in mist and anoke. At an installation in Kings- 
mill, Tex., this technique is used to recover carbon black from a smoke¬ 
stack. At the X]ival Landing Aids Experiment Station, Areata, 
Calif., iiiteuse sound has been used in tliis way to turn heavy fog to 
rain. 

Chemical reactions can also be influenced hy ultrasonic irradiation. 
Certain reactions are accderkled, and even depolymerization can be 
brought about. The chain molecule of starch has been broken down 
into several fragments to pmduco dextrine, and gum arabio and 
gelatine have been decompos^. The agitig of whiskey by ultrasonics 
has been propo.sed, inasmuch m in the aging process there a gradual 
change in the structure of complex molecules, a change w^hich perhaps 
could be accomplished much more rapidly by sound irradiation. 
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The biological effects of ultrasooic ^FRves are of pailicular mtciieat. 
In scveml cases the radiation has produced rnarked diniiTitilion in the 
virulence of bacteria. Yeast cells lose their power of reproduction, 
luminouH bacteria lose their luminoaity, and the mosnic virus of to¬ 
bacco is powerfully deuedvated. However, the growth of colon bacilli 
cannot be influenced even by long exposure to high-intensity wuTid. 
The bacteria in milk can be destroyed, pctinittlng pasteurization at 
low temperatures. Experiments undertaken by sugar refiners show 
that the enzymes In sugar syrup can he destroyed to retard the inver¬ 
sion of sucrose into glucose. Food decay has been halted for ns much 
as several weeks, indicating the possibility of sterilization of canned 
foods through ultrasonics. The time required for the germination of 
seeds has been dianged, genes have been made to mature at abnormally 
fast rates, and in some cases genes have been altered to yield unusual 
mutations. 

At the Pennsylvania State College Acoustical Laboratory an ultra- 
siran was used to kill roaches, mosquitoes, and mice. Laboratory 
workers who were exiKised to the sound reported unusual fatigue, 
occasional loss of equilibrium even when wearing ear protectors, and 
a disagreeable tickling sensation in the mouth and nose. At another 
imiversity, an attempt is being made to focus ultrasonic w'aves inMdo 
living tissue in order to produce the destruction of cells in locitlizwl 
regions. The treatment of deep-seated tumors with X-rays Irradiates 
not only the tumor but the intervening tissues as well. Focused uUra- 
gonic radiation may possibly avoid the over-all destructiveness of 
X-rays> Only further resesreh can show whether this technique is 
feasiblei. 

Whereas the field of ultrasonics is a logical extension of low-fre- 
quency acousrtics, Uie higher-frequency THnge provides a new tool 
which bring new aspects of tuifcure into view. It b rare for a 
physical phenomenon to hnve found within a few decades such wide 
application in science and industry^ In e broad survey such as the 
foregoing^ it is manifestly impossible to portray the great variety of 
detail which has been developed in ultrasonic research, and only a 
few of the interesting problems and applications liave been mentioned. 
Nonmilitary research in this field is still in its infancy, and many of 
the observed effects have as yet no adeqtiate eitplanation* Ultrasonics 
today, a broad and beckoning field for research^holds forth the promise 
of exciting new discoveries just beyond the borii&on- 
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The Industrial Applications of 
Atomic Energy^ 


By M. L OuritAKT 

Frojasor Phyticst Untixrfitr "/ Birmiatham, Eastfmi " 


Ajtt attempt to forecast the ways in which atomic energy will 
be applied for the good of mankind is as unreal as to prophesy the 
future of a 5-year-oId child. It is certain that the new soiiree of 
power will he applied in ways that cannot now bo envisaged. It is 
possible that a scientist who has spent his life in the study of ruiclear 
physics and the aneipcctcd and monstrous child to which it gave 
birth after 50 years as a purely academic discipline, is as much entitled 
as pitvonc to guess how it will develop in the ycnirs ahead, but, as a 
parent of tt “probleni’' child, ho is as utiUkely to guras correctly. 
Fortunately for me the blanket of secrecy that covers some aspect 
of development in this field has been pulled aside, by oflicial decM- 
fication of information, by dm reports and news releases of the United 
States Atomic Energy Commission, and by the statements of American 
senators, sulliciently for a picture of the general lines of thinking and 
experimenting to be available. 

ARTTrlClAXXiT RAlUOACTIVE SUBSTAKOES 

In the early daj'S of public knowledge of atomic energy mitdi wns 
said and written about tlie great value of the radioactive byproducts 
in medicine, agriculture, chemistry, and other branches of scientific 
investigation. The advances in our knowledge of natural piwesses 
which can be gainiHi in tliis way arc very real, and scientists all over 
the world are iidng the materials made available through the jUncri- 
can and British atomic-energy projects. However, the total amount 
of rudioactive material required to satisfy all needs is so trivial in 
relation to what can be produced that it can provide no economic 
justifiention for the development of atomic energy. All the radio- 
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nctiv^i materiflis needed could be produced at a very small fraetion 
of the cost by means of cyclotrons and other tools of nuclear physics; 
and tlieir use in research ’was widespread and growing long before 
they were made avaikbk from atomic-energy reactors. Probably 
scientists were apt to stress the importance of these substances be¬ 
cause their consciences were uneasy after Hiroshima and Nagasaki^ 
and they welcomed an aspect of atomic energy^ the humane and inteh 
lectuat implications of which would offset some of the horrors of 
atomic warfare. Oflieial releases of information u^d tlie facts about 
them because tliey were nonsecret and made a good story. These ma- 
terialsy which wyre available more than 10 years before the realisation 
of the i-clouse of ntomic cnergj ^ cannot justify the development of 
the atomic bomb or the colossal sums spent on utonne energy. Justi¬ 
fication musi^ and I belie%'e willj come from applications of atomic 
energy of immensely greater economic and industrial significance* 

INDiSTRIAI/ POWER 

The moat obvious and tlie most important application of ntomic 
energy that w^c can envisage at the moment is the production of in- 
dustrlfll power. The tactical or strategic applications of atomic 
energy in warfai^c, some of which have received attention in the pre^, 
form no part of tills lecture, for they are anything but economic and 
represent merely a diversion of effort from development of greater 
and more permanent human value. .Accordingly^ I shall not discuss 
Buch special problems as the use of atomic energy for the propulsion 
of submarines or for the acceleration away from the earth of the 
BO called "^spaee ships^ with which some enthusiasts propose to develop 
luxury holiday trafTic between the planets. I propose to confine my¬ 
self to the possibility of generating, in large fixed reactors* industrial 
power which is distributed as electrical energy. 

I want to emphasize that the users of industrial power in factory, 
office, or home, will notice no difference Avhatever from their present 
use of electricity derived from water pow'er or cofth Atomic-energy 
reactors will merely replace the fumaceiS of power stations burning 
coal. Tlie most noticeable difference at the generating station will 
be the absence of coal dumps, coal-tiandliiig equipment, coal wagons 
or barges, ash-disposal s^^stems, and smoking chimneys. The boilers 
and steam turblneSr the electric generators and other equipment will 
remain, though the boilers and turbinea might later be replaced by 
heat exchangers and gas turbine^s* Tliua the successful application 
of atomic energy will pass almost unnoticed by most people except 
that there may be fewer interruptions of supply; restrictions on the 
use of electricity may be replaced by a positive urge to use it, and 
electric clocks will really tell the time* 
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It soems to mo tKiit all indusirUl power should be distributed »s 
electrical energy, except for some special purposes where gas la essen¬ 
tial, and that there is no excuse whatever for the nse of solid fuel in 
the home. T)ie average efficiency of domestic appliances hurning coal 
does not approach the over-all cfTiciency of generation and distribu¬ 
tion of electric power, and there are important reasons why effi¬ 
ciency should not bo the only criterion of choice. Anyone who has 
considered tlie dirt and grime created by the distribution of coal and 
its use in the home, the domestic drudgery it causes, and the fog that 
it brings in winter, must agree that from the vicwjwint of the house- 
wife without domestic he^lp, tlie all-electric house is eBsentiuU if slic 
is to share the 40-hour week of her husband. Those who advocate 
the use of solid fuel in central-heating systems or in open fires are 
either well supplied with domestic servants or oblivious to the elemen¬ 
tary rights of womenfolk. 

'hio cost of coal for the generation of electricity is. only part of the 
cost of electric power. Where industrial power costs one penny for 
a kilowatt-hour, the coal will cost about one-third of a penny and the 
cost of generation and distribution w-ill account for tlm other two- 
thirtls. If the coal were free, the cost of electric power would t» 
reduced by less than 30 percent. Distribution costs fall rapidly as 
the average load on a system increases. That is why electricity is 
cheaper in towns than it is in the country. Thus, the complete elw- 
trifieation of the country and the abolition of domestic heating y 
solid fuel would so increase the load factor on the distribution ptem 
that the cost of electricity would fall. If atomic fuel proves cheaper 
than coal, and we will see that this may well be the case, the price of 
electricity would be appreciably retluced still further. 

WHAT IS atomic EN'EROY? 

The name ‘^atomic energy ” is a misnomer. The energy obtained from 
burning coal or other fuel is more properly called atomic energy auice 
it arises from the combination of the atoms of carbon and hydrogen 
in the fuel witli atoms of oxygen in the air. This chemical energy re¬ 
sults from the hooking together of atoms of carbon or 
atoms of oxygen, to produce carbon dioxide or water. The hoots, 
or chemical bonds, arise from the interaction of the outermort electrons 
(negative charges of electricity), wluch form the relatively soft and 
tenuous “skin” of the atoms. Tlie energy set free when coal is 
is considerable, I pound of imal liberating 3^ kilowatt-hours of heat 
which, by use of steam turbines in an electrical-generating station, will 
produce about 1 kilowatt-hour of electricity, i. e., hoi^power for 
an hour. Approximately two-thiids of the heat produced in burning 
coal in a power station is wasted, mainly to warm tlte water from the 
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river or cooling tower^ owing to tlie imfortQaato indTiciency of the heat 
engines. 

Heat energy is fiimply violent agitation of tlie atoms of which sub¬ 
stances are made. These bent motions ai*o random in direction and 
amount and can only be converted into organised motioHj such as the 
rotation of maebinery, i. into useful powers by menna of heat en¬ 
gines. It is an immutable law of nature that the transformation of 
heat into useful powder can be carried out only by processes that waste 
the larger part of the heat energy. 

The inner parts of atoms are tliB seat of forces far greater in mag¬ 
nitude than lho $0 associated with the outer “chemicaP^ part An atom 
is avraiJar to a solar system, witli a minute sun, or nucleus, at the 
center, surrounded by satellite elcctroxis. Approximately 100 million 
atoms placed rido by aide measure 1 Inch, and the nucleus of an atom 
is so stnall that 1 million million nuclei placed side by side are needed 
to measure 1 inch. Yet tills minute nucleus tontains all the positive 
electric charge and practically the whole of the mass of the atom. 
Despite its small size, physical science has gained, by indirect meth¬ 
ods, a great deal of information about its properties and structure. 
The existence of the nucleus was discovered by Lord Rutherford when 
he held the Chair of Physics in Manchester, and its properties were 
unraveled by him and his collaborators in Manchester and Cambridge. 
In fact, nuclear physics, the study of this minute world, is a peculiarly 
Britisli cteatioii, and remained so until the successful release of nu¬ 
clear energy and tile colo^l expenditure necessary to provide the 
equipment for research in this field, moved the center of achievement 
to the United States. Those of us who worked in this fruitful field 
of human intellectual endeavor harbor nostalgic feelings for t!ie days 
when it wag of purely academic interest and work was stimulated by 
the knowledge of tho structure of matter which it brought, rather 
than by the desire to make bigger and better atomic bombs or to pro¬ 
vide die world with a new source of power* 

We believe the nucleus to be built up from entitles to which we give 
the name “elementaryor ^'fundamental” particles, because, at the 
present time, wc arc unable to dentonatrfite that they possess any sign 
of structure. This belief may be as mistaken as the Idea of the Vie- 
toriau scientist that atoms themselves were elementary particles that 
had existed as hard, round billiard balls ever since they were created. 
The elementary particle in the nudous are protons, whicli carry a 
positive charge of electricity, and neutrons, wbicli have no olectric 
charge* The foroea-holding these particles together are very lat^e 
indeecl, many orders of magnitude greater than the forces holding to¬ 
gether the atoms of ordinaiy' matter. If the atoms in a spider web 
wore held together as strongly as the component parts of the nucleus, 
a rfngle tJiread would support a battleship. The number of protons 
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present in a nucleus detecniLnea its positiTc electric charge and lienee 
the number of eleetrons wliich must rotate about it in order that the 
atom, ns a whole, may be eleotricallj neutral. Thus the muiibcr of 
protons determine what the atom is — ‘if I, tlie atom is hydrogen; if 8, 
oxygen; if 92, uratiiuin. The number of neutrons varies, so Lhnt there 
may be several kinds of atoms of a given substance, called isotopes, 
For example, hydrogen has 3 isotopes, the nuclei of which contain 1 
proton with 0,1, or 2 neutrons, while uranium has 2 principle isotopes 
of mass 235 and 238 times the mass of elementary hydrogen, con¬ 
sisting of 92 protons with 143 or 14fi neutrons. 

The protons and neutrons in a nucleus may be altered in number 
by bombarding with energetic charged particles, which can penetrate 
inside against the repulsive forces due to tlie electric charge, or 
neutrons may be addctl with greater case since these do not experience 
electrical repulsion. If the number of protons is changed, tlie atom 
transforms into some other substance, and modern inetliods of al* 
chemy, using cyclotrons and other accelerators to produce atomic 
projectiles, enable us to change one substance into another at will, 
though not yet in commercial quantities. 

Since the nuclear constituents are so tightly bound together, addi¬ 
tion of particles to a nucleus leads, in general, to a release of energy 
corresponding to this binding force. Tlie energy released for every 
atom undergoing a nuclear transformation is a million or more times 
greater than the energy released in chemical combination. Thus, if 
the nuclei of 4 atoms of hydrogen could be made to combine to pi-oduce 
the nucleus of a helium atom, the energy released by 1 pound of hydi'o- 
gen undergoing the reaction would be equivalent to lOO million ki o* 
watt-lwurs, as comparetl with 3 or 4 kilowatt-hours produced by 
burning 1 pound of coal. We shall return to this possibility later. 

Tlie element uranium is the heaviest and most complex of the su^ 
stances existing in the earth. Elements with more than 92 protons in 
the nucleus are too unstable to have survived since tlie earth cooled 
down about 3,000 million years ago. Wlicn a neutron is captured by 
one of the two isotopes of uranium, the transformations which take 
place difier from these occurring in other elements. Tlic rarer isotope 
of mass 235 uudorgoes a process that is called fission, splitting into 
two large fragmonts which separate with great velocity, the energy 
released being about 10 million kilowatt-hours for 1 pound of U"* 

undergoing fission. ^ ^ 

The 11“* atom, after absorption of a neutron, splits into two atoms 
of simpler structure and smaller mass, which separate ivith high i eloo 
itv, their energy being dissipated ns bent in the surrounding atoms 
with which they collide. In addition, several neutrons are set frre, 
and if the surounding material is also U*", tliese neutrons will bo 
absorbed and will produce severul fresh fissions. Thus it is clear that 
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in n moss of U” large enough to absorb the neutrous from a fission 
process taking place at the center, a chain process can bnild up, and 
since the neutrons are moving with high velocity, the number of fisaion 
processes taking place mnltiplles with great rapidity^ A mnss of 
in which this chain process will just tako place is said to be of critical 
size, and the greater the to which the moss exceeds the critical 

size, the more rapid is the mulllplkation, so that if the critical size Is 
exceeded appreciably an atomic explosion takes place. The critical 
mass for is officially stated to be between S and 400 pounds, and 
since it is a very dense substance this corrcsiwnds wnth a sphere of 
metal less than 12 inches in. diameter* Since the neutrons releaised 
with high velocity in tlie fission process ate absorbed directly, a nuclear 
chain reaction of this type is allied a fast fission process, 

TEEE FAST NEUTRON REACTOR 

If the moss of uranium 235 cousin of two pieces, either of which 
alone is smaller than the critical mo^ and these are brought togetlier 
slowly and cautiously, it is possible to find a position where the ^stem 
is so little above the critical size that the energy release builds up very 
slowly. The two pieces of uranium metal will then be heated and we 
can arrange an. automatic mechanism that pulls them apart if they 
get too hot or brings them together if they cool off, so maintaining 
them in a red-hot condition* Tlie lieat given off can be transferred 
to water or to gas and can be converted into useful power in a heat 
engine. This is the simplest type of nuclear reactor that can give 
useful power. Hoivcver, there are a number of diffioulties^ 

Uranium 235 can be separated from n^atural uranium, of which it 
forms 1 part in 140, ooily by very elaborate and ex|>en.sivfl physical proc¬ 
esses. UranitJtn metal is very active chemically and must be protected 
from attack bv the cooling water or gas. Very large numbers of neu¬ 
trons escape from the outer surface of the uranium, together with a 
quantity of radiation, akin to X-rays. These must be ahsorbed in thick 
shields of concrete to prevent lethal danger to living things in the 
neighborhood. The amount of heat that con be abstrat:ted from pieces 
of metal with so small a surface is small, and m practice it is necessary 
to increase the cooling ai^ greatly and use a larger maas of fissionable 
material. The problems of control mu^ be solved in such a way as to 
eliminate all risk of explosion. The charge of must be removed 
I>eriodicalIy and treated chemically to remove the acx^umulated fission 
products and to add fresh U^% and this involves^ t^rious problems of 
engineering and of handling the highly radioactive material. 

PLUTONIUM 

The principal Isotope of uraniiun, U*®, behaves in a different way 
when it absorbs a neutron. Instead of undergoing fission it changes, 


ATOMIC ENERGY—OLffHANT 


229 


by a process involving the radioactive emission of two negative elec¬ 
trons, into a new chemical element, with 94 protons in the nucleus, 
which hag been called plntoinunu This substance, which does not 
exist in the natural state, is a metal tliat undergoes slowly a radioactive 
change into U'”, but this change is so slow, requiring 10,000 years or 
more to bo half completed, that for all practical purposes plutonium is 
n normal metah It undergoes fission whan it absorbs a neutron of 
any energy and hence can replace IP“ ns a nudeor fuel. 

■ SLOW NEUTRON UEACTOIlS 

The capture of neutrons by the much more plentiful U** prevents the 
eatablishment of a chain process with natural uranium. There is, how¬ 
ever, an ingenioua way out of this difiiculty, which enables reacting 
systems to be built using natural uranium. docs not capture neu¬ 
trons that are moving with less than a certain minimum velocity. 
Xeutrons can be slowed down by passage through materials like pure 
carbon or heavy water, which do not absorb neutrons at all readily. 
The particles then make collisions witlt atoms of carbon or of heavy 
hydrogen, handing over to the struck atom at each collision a part of 
their energy. By placing rods of uranium in n geometrical patteni, 
which can bo calculated, in a mass of pure graphite, it is possible to 
arrange that fission neutrons escaping from the relatively thin rods 
wiUiout appreciable absorption wander around in the gmphitc for a 
considerable time, making many collisions and losing most of their 
velocity. When tliey do again wander into a uranium rod they are, in 
general, moving too slowly to be absorbed by the U*®, and hence ignore 
it, However, they are very readily captured by tlio rarer U™ atoms, 
giving rise to fission. 

In order tliat a chalri reaction may be produced, a slow neutron re¬ 
actor of this type must also be above a certain critical sixe, where tlie 
number of neutrons lost from the outer surface is less than half the 
number generated within the pile by the clmin reaction. The critical 
size is large and even a small slow neutron reactor will contain many 
tons of uranium and hundreds or thousands of tons of carbon as pure 
graphite. The many neutrons escaping from the outer surface are, to 
some extent, reflected back by a thick layer of graphite placed around 
the reactor, while tlie remainder, together with the accompanying 
X-rays, w'hich are so harmful to living matter, must be absorbed in the 
walls of a massive concrete enclosure. Tlie energy set free in the fission 
process in the uranium rods apiiears as heat, which can be removed 
by passing gas or w'lUer over them. Here again it is necessary to coat 
the uranium with a protective layer of corrosion-resistant metal that 
does not absorb neutrons readily, aluminum being employed at present 
in the absence of a better material. 
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The slow iieutFon reactor has some ndvantagos over the fast neutron 
reactorj but it suSers also from severe limitations which are not prie&cnt 
in tlie fast reactor. The large mass and surface of the uranium allows 
very large quantities of heat to be extracted, so that the total power 
output of a large reactor can be of the order of 1 million kilowatts 
of heat. However, it is not yet practicable to remove this heat at a 
tetnpettktura high enough for efficient heat engines to be operated from 
the steam or gas which carries away the energy'. This is due to the 
limited oorrosion resistance of aluminum. The development of coat¬ 
ings of berjdlium, or the use of reactive gases such as helium, for 
cooling, would permit die production of useful powerj. but no reactor 
is yet operating tinder these conditions. There are also other grave 
difficulties due to the changes in the properties of materials under 
the action of fast neutrons* These technological probleins will be 
Eolved, but they take time and great effort to achieve a completely 
satisfactory answer. A far more serious problem is that in a slow 
neutron reactor it is posaible to use only a small fraction of the U™ 
present in the rods. Inevitable impuritioB in the materials and the 
accumulate<l products of fission “poiBoti"* the reaction by absorbing 
neutrons. The former set a lower limit to the cx^ncentration of 
in the rods at which die reactor will operate, and this is only slightly 
less than the concentration in natural uranium. Tlie uranium must 
be removed periodically and be subjected to an elaborate and costly 
chemical process involving solution of the rods in acid, chemical 
purification, and reduction to metal again. The whole of the initial 
chemical operations must be carried out by remote control in concrete 
or lead enclosures which absorb the harmful mdietions coming from 
the highly radioactive fission products. These fission products, equiv¬ 
alent ill activity to many tons of radium, mu^ be disposed of in some 
way, and this bone of the most difficult problems of all. If they are 
thrown down a disused mine or buried they may reappear in die under¬ 
ground water supply with disastrous results. The uncertainty of 
ocean currents renders it hazardous to dump them into tl\e sea, even 
into the deep sea when sealed in contaiiiera. The radioactivity decays 
away in time, some of it relatively quickly, some much more slowly, 
£0 that if the fission products are stored in vata underground they 
will, In the coui^ of a generation or two, become harmless. However, 
the storage capacity required to deal with the radioactive waste prod¬ 
ucts of a Inrge reactor is so huge that provision of the necessary under¬ 
ground vats becomes an immense undertaking. 

All these difficulties are very real and must not be underestimated. 
However, they are technological difficulties with which modern applied 
science is accustomed to deal, and arc none of them insuperable. 
Their solution is certain if the necessary effort is made, and many of 
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them arft being attacked vigorously in both jVmerlca iiiiil Great Britain, 
though, in tlie present state of international tension, they must take 
a position subordinate to the development and manufflcture of titomic 
weapons, 

CONTROL OF NUCI-FAU KEACTOIOJ 

If a nuclear reactor is operating at a constant power level the number 
of fissions taking place each second must be constant. In the systeii^ 
we have considered so far the tiumluer of fissions taking place in 1 
second mast increase rapidly- 1'^ e have indicated tliat a fast neutron 
reaction can be controlled by moving the component parts so that more 
or less of tlie neutrons escape from the surface, Tliis control is rtui' 
dei'ed easier because some of the neutrons set free escape a fraction 
of a second after the fission process itself. This means that if the 
system is just larger than the critical si/J>, the nullti plication proccetls 
rather slowly. The component parts of a slow neutron reactor are 
too large and bulky to be moved in this way, so the system is controlletl 
by pushiogiiito the interior o f the reactor i-ods of cadmium or of boron, 
which have tlie property of absorbing neutrons readily, so robbing the 
chain process of the number of iiciitrous rcfjuired to keep it going. 
There is no difficulty about controlling completely the rate of energy 
release in a reactor, so tliat tlie clwincc of the process running a way and 
giving rise to an explosion is so small sa to be entirely ruled out Veiy 
clabonite precautions ate taken to prevent the cscaias of radioactive 
materiida or of harmful mdiations, and workers in an atomic-energy 
plant and those who live in the ncighborhtKHl are not subjccteil to any 
ubnormid risks. 

"BHEEDER” lEEACTOllS 

The picture of the production of atomic energy for industrial pur- 
jioses that we have drawn so far is not enconraging. i he fust neutron 
reactors require rather concentrated fissile material as atoniic fuel, 
and this is very difficult and esiicnsive to prcuiuce. The slow neutron 
reactors iitilistc only a very small fraction of the rarer isotope of ura¬ 
nium and produce about the same quantity of plutonium. Much more 
than this must be achieved if atomic energy is to compete succ^fully 
with coal as a source of power. Kortunatcly the way out is clear, 
though it has not yet been achieved in practice, and tlie solution brings 
with it the possibility of using thorium, as well as nnmium, as ft 
nuclear fuel. 

On tlie aTcriifit fl fission process teleiiSKJ si!Vk!ml ncnirons j gay tliTW* 
If it is assiuned tJiftt thera are in the reactor no impurities or materials 
of construction foUier that uranium) that nlworb neutrons, the tlirco 
fission neutrons can be utilized in the foUowmg way. At constant 
power output one of tliesc neutrons must produce a fresh fission by 
Absorption into the nucleus of another fiftsile atom. A second neutron 
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can be captured by uranium of niaEs 2;J8 to pi-CrtiuGe an atom of plu¬ 
tonium, thus replacing tie atom of foal that Ivas been used. The 
third neutron can be absorbed by a second U*** atom giving another 
plutonium atom. Thus a reactor operating in this way should pro¬ 
duce more nuclear fuel than is burnt and is called a ‘‘breeding’ reactor. 
The breeding process should make it possible to utilize the whole of 
the uranium, the plentiful tl“* as well os the scarce U*“, If the eie^ 
neutrons are absorbed in thorium instead of U”*, a new fissile material 
which can replace or plutonium is produced by a process veiy 
similar to that which produces plutonium. "We can represent this 
process by tlm nuclear e<iiiation 

232 1 233* X 233* X 233 

Tt + n--* Th ——* Pa ^ - * U 

flO 0 W) 61 62 

The thorium nucleus absorbs a neution producing a radioactive 
isotope of tboriiim of mass 23S. This emits a negative electron, or 
^-particlei, transforming into a radioactive form of protoactinium, 
which emits a further ^-iMirticIe to give an isotope of uranium of mass 
233, U*“ is a fissile sut^nco which can be used as a fuel in nuclear 
reactors. Tims, in time, it shoold be possible to change over from 
uranium to the more plentiful thorium as fuel for tiie production of 
nuclear power. 

The design of a successful breeding reactor depends upon the elimi¬ 
nation from tlio rcnctor of materials that capture an appreciable frac¬ 
tion of the neutrons without contributing to tlie production of power 
or of fresh fissile materia!. There are reasons why this may prove to 
be more practicable with the fast neutron reactors than with those 
using slow neutrons, partly because the smaller moss of fissile material 
in the reactor can be prepared in a state of higlier purity, jjartly 
because tliero is no moderator, but principally because the essential 
materials of mechanica] construction and tile cooling fluid which can 
be used in a fast neutron reactor are not so restricted in properties. 
The most important of the factors to which answers have yet to be 
found is the extent to which the materiala in the reactor retain their 
physical properties of strength, etc., when the atoms of which they 
consist are continually stirred up and knocked out of place by eolUsious 
with fast neutrons, 

EXt*BRISIE:NTAL PROGRAM IS tt. S. A. 

The Atomic Energy Commission in tJie United States has announced 
the construction of two types of experimental breeding reactor and a 
materials-testing reactor. The first of these ia designed to teat the 
precdcal feasibility of breeding with fast neutrons and to investigate 
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thfi application of liquid metab to tlie removal of fission-produced 
heat at high temperatures^ The recoud will produce significant 
amounts of electric power from a reactor using neutrons in the inter¬ 
mediate range of energies^ and at the same time will determine whether 
breeding ie possible under these conditions. The heat will be re¬ 
moved w'ith liqtiid metaland power will be generated from this by 
conventional means. These breeder reactors^ together with the nia- 
teriala-testing reactor^ are estimated to cost about 70 million dollars. 
The Ministry of Siipply has not yet announced plans m Britain for 
work on breeder reactors upon which the future of atomic energy for 
useful purposes clearly depends* 

ECONOMIC COST OF NUCLEAS POWER 

It IS not easy to estimate, as yet^ tlie economic cost of nuclear power. 
The energy derived from 1 pound of uranium, completely utilised in 
a breeder reactor^ is equivalent to that produced by burning 1^600 tons 
of coal. The cost of uranium is about 1,000 times the cost of coal. 
This leaves a factor of about S,000 to cover the cost of converting the 
uranium to a form auitablo for use in a reactor and the greater cost 
of a luiclear reactor over a coal fumam In the absence of precise 
data it is possible only to guess the ultimate answer. You will find 
tliat many Brltisli scientists and engineers of repute believe that the 
cost will always be too great for atomic energy to compete ^vith coal 
as a source of power, and that the now fomt of energy is of purely 
military and scientific interest, I do not share this view, I feel 
confident that atomic energy has a very important part to play in the 
production of industrial power and that the coat will ultimately be 
found to be competitive with, and probably much less thim, the cost 
of power from other sonreea. ITie time required to reach this stage of 
development is unlikely to be less than 10 to 15 years and clearly it 
depends on the relative efforts devoted to the military and industrial 
objectives. Uranium is more widespread in occurrence tlian was 
thought to be the case and, with the development of metliods for ex¬ 
tracting it from low-grade ores, there should be sufficient available to 
provide a great contribution to the power resources of the world if it 
is not used for the manufacture of military weapons, 

HYDROGEN AB A NUOI^AR FUITL 

Finally, we must consider the poeaihility that industrial power may 
one day bo produced from hydrogem Long before the disco very of 
the fission procoss it was realised that under conditions of extremely 
high temperature and pressure, such as exist in the interior of the sun 
and stars, hydrogen nuclei, or protons, might combine to give nuclei 
of heavier elements, ami that t}ecau3e the component parts of heavier 
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nuclei are very tiglitly bound togetlier, sufficient energy Tvould bo 
released to maintain the temperatutu; of the star. If it were poiisiblo 
to find a method by which heavier atoms could bo synthesized from 
hydrogen at will and under controlled conditions, very large amounts 
of energj' would be availtible. Tims, if four atoms of hydrogen con¬ 
dense to form an atom of helium, the energy set free is about 5 million 
tim^ as great ns that produced when an atom of carbon is burnt. In 
other words, 1 pound of hydrogen transformed into helium would 
prtHluoe iibout 100 million kilowatt-hours of heat energy, or about 
130 million horse|M>wer for an hour. Thus hydrogen as nuclear fuel 
would be about 10 tinies as good, weight for iveight, os uranium. 
There are possible ways in wdiich an explosive reaction of this tj'pe can 
bo produced by utilizing tlie voiy' high tcmiieratiire and pressures 
doTcloped in the esplosion of an atomic bomb, but so far there is no 
clue to a metluxl for bringing about the reaction in it controllable 
way. However, it is interesting to speculate on the j>ossibility tlmt 
nuclear scientists mny discover how to do tliis in the future. 

There is enough hydrogen in the sea, if it were all converted into 
helium, to raise tlie tenipcmture of the whole earth to at least 
1,000,000" C., i.e., over 100 times the tenii>erature of the sui'face of 
the sun. Fortunately for us the possibility of bringing about such 
an explosion can be ruled out, if for no other reason than that if it 
were possible it would have hnpiwued in the past history of the earth. 
However, if we accept as the desimhle power level for civilization 
tliiit every individual sliould utilize, on the average, 1 kilowatt of 
]H>wer continuously, we can calcnlnte that 3,000 million inhabitants 
of the earth could be supplied with power from the hydrogen of the 
sen for 1,000 million million y'ears, or for about a million times tire 
age of the earth itself. Thus, if this remote possibility is realized, 
mankind would hnve no need to look elscuhere than to tlie sea for nil 
the fMjvver he can conceivably use in the lifetime of the solar systetn. 

In conclusion I would emphasize that industrial power from 
uranium is on tlie doorstep uiid will almost certiiinly be used success¬ 
fully, while power from liydrogen is only a reniote possibility in the 
light of existing knowleilge. In any case, the probability is small 
tliat any nuclear iwwer will be avttiluble for useful purposes unless 
the problems of war can be solved, and tiiat is a question for all man- 
kinil and not for the scientist alone. There is dangor tit all knowledge 
of nature, ticicntific in fori nation can alw-ays yield guns ns wiell ns 
butter. Tt is a source of gicat regret to men of science that their work 
is mado the basis of the indiscriminate destruction of tnan and Ids 
civilization, instead of contrilniting to the well-being of all. 


Some Prospects in the Field of Electronics’ 


By V. Ki Zworykin 

Radio Corpi^raiion <?/ Aoi^co 


tWIth 4 plntci] 

The boundaries of the field of ekctronicB. like those of almost tiny 
bmnch of technology, are rugue. Enclosing within them everything 
in which the electron plnys n vital function would certainly take in too 
much territory, yet restricting tjie domain of electronics to device* 
involving the emxjloyinent of free electrons only w ould leave out such 
items as crystal trio<le.s and dioties whicht b}' reason of their function, 
have been quite generally clainicd by w orkers in electronics. 

It must be resignized," however^ that until recently tlie free electi%>n 
has been respoiiBiblo for the role which electronics ba& come to play in 
I he motlern workL Its c.vt raordinarily largo si>ecific charge makes it 
possible to impart to it high velocities wnth the itid of modem electric 
liclda and to deflet^t it* path with ease by either electric or iimgnetic 
foiccs. This ig the reason for its effective use for the EimpUficatioii 
of nipidly varying currents or voltages and UiO generation of high- 
frequency oscillations in the vacuum tube^ for the indication of voltage 
and cuiTent variations in the oscillograph, and for the generation of 
picture signals in the television camera and the reconstruction of the 
televised scene in the viewing tube. The same pitiperl}' proves vah 
liable in the detection axid measuiTment of light by phototube* and in 
the generation of X-rays in X-ray tubes* Finally, in the electron 
microscope the scattering properties of matter for fast electron a, 
the nature of their interaction with magnetic and electric fields, and 
tlieir Wave characteristics combine to permit the uisc of free electrons 
to extend tho recognition of microscopic detail by two orders of 
magnitude. 

The history of electronics can conveniently be divided into four 
overlapping periods* In the first, usheiv^l in by Ikjboirest’s invention 
of the audiou and terminatedj approsimately, by the Fii'st World War, 
electron currents were controlled in vacuum tubes in much tho same 
manner as a Etcam valve controls tho (low of steam in a pip^* more 
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attention was paid to the behavior of the individual electrons in tbe 
tube than ia customarily expended on the motion of the individual 
steam molecules in the vah-e. The English designation “electron 
valve” is singularly litting for this ijeriod. 

In the succeeding period, taking up much of the twenties and 
thirties, the directed, ratiier tWn random, character of electron motion 
in vacuum was applied in the cathode-ray tube and for improving the 
efficiency of amplifier and oscillator tubes by proper shaping and align^ 
ing of electrodes. The electrostatic secondary-emission multiplier 
phototube, in which secondary electrons are guided from one electrode 
to tlie next by a careful adjustment of electrode shapes, is a typical 
product of this epoch. 

The third period, beginning some time before tlio Second World 
War, further subdivided the beams of electrons into groups and dealt 
primarily with the latter. This subdivision was either on the basin of 
time^ tlic electrons being bunched at certain phases of an applied high- 
frequency field as in the klystron or magnetron, or of space, as in 
image-forming devices; the electron microscopa and tlie imago tube are 
typical representatives of tills group. A somewhat diflerent form of 
group selection, on the basis of time and place of injection, occurs in 
the betatron. 

The fourth period in tlie development of electronics, in which wc 
find ourselves at present, is concerned with tlie contro'l of electrons 
within solids. Hero, with crystal diodes, transistors, photoconductive 
pick-up tubes, etc., we have barely made a beginning. However, in 
large part with the aid of the typical products of the preceding periods, 
which are at the same time undergoing continous further develop¬ 
ment, this period should prove at least as productive as any of the 
earlier ones. 

Let us vkuatize some of the trends In the evolution of the electronic 
art in the near future. We may distinguish here between tlie develop¬ 
ment of new devices and the extension of their practical application. 
In tlie field of amplifying tubes and oscillators we can safely predict 
that tho stress will continue to be placed more and more on types suit¬ 
able for the very-short-wavelength region of the radio spectrum, where 
tho time of travel of the oleclrana can no longer be neglected in com¬ 
parison with a period of oscillation. In oscillators and narrow-band 
amplifiers tho tube geometry will, ns now, for example, in magnetrons 
and klystrons, be determined in large part by the frequency of tho 
oscillation generated or amplified. At tiie sumo tlnio, wldo-band 
amplifying tubes will increasingly ho provided by devices in whtcli 
energy is exchanged between electron streams and traveling wave 
field^ os in the traveling-wave tube, tho double-stream tube, and 
others. Similar techniques of energy interchange, in leveTse direction, 
serve to provide high-energy electron beams in linear accelerators. 
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Concurrently! there will unquestionably be a continueil great in- 
creose in the application of electronic eomponents in all deparfanents of 
life. In heavy industry case-hardemng and annealing of metal parts 
by radio-frequency curs'cnts already plays a large role* Gluing of 
plywood, heat detonation of cxplosiTe rivets, sealing of metal tubes, 
welding of plastic alieet, and dehydnition of antibiotic aro other 
effective uses of radio-frequency beating. In the food industry the 
same tcclinique may be employed for tlie steriliscation of packaged foods 
and liquids^ the blanching of vegetables, and specialized cooking 
operations- Food sterilization by bombardnicnt with electrons in the 
mil Is on-electron-volt range also appears to be a promising fields In 
medicine radio-frequency fields may not only bo employefl for certain 
types of therapy but^ in addition^ tlie radio knife,’’ which seals the 
capillaries severed ill an incision^ is & valuable aid in surgery* 

Up to this point we have considered the power output of electronic 
devices; of quite as great importance is their employment for analyti¬ 
cal and diagnostic puri>cee3. The use of very-high-energy X-ray a for 
f ho detection of Saws in machine parts, facilitated by electron image 
amplifiers^ will become increasingly stJindard practice. Similarly, 
speefroannl 3^13 of the alloys used for tnaclunes and nianuffictnred 
products with the aid of automatic recording equipment cmplojdng 
multiplier phototubes will bo much more general than it is nt present* 
Isotope tracer methods in chemical and metallurgical studies will call 
for scintiUation counters and other electronie equipment in increasing 
numbeta. 

Tlie same devices will find extended use for diagnosis, tlierapy, and 
rescarcli in medicine and biology', Jlany liTne-consuming routine 
operations, such as the making of blood counts, can certainly he car^ 
ried out more speedily and accurately by electronic methods,^ Tele¬ 
vision techniques applied to the study of the variation in skin 
potential distribution already hold much promise for the rapid diag¬ 
nosis of brain tumors and heart conditions, yielding information in 
much more readily Interpreted form than that ^pplied by the con¬ 
ventional electroencephalograph and electrocardiograph. Thera can 
Ijo little question that the measurement of body potentials and their 
variation, made possible by amplifying equipment of high seugitivitj, 
will prove of increasing value iu many other areas of medical diagno^ 

eis and biological rtssearch. ... 

The electron microscope, also, is likely to find not only increasing 
use ns a research tool In biology, chemistry, and metallurgy, but, on 
the basis of tesearch findings, os a diagnostic aid os well. The intro¬ 
duction of smaller, more compact models of the electron nucroscope, 
Biipplcmenting tlie larger research instrument, should prove particu¬ 
larly valuable here, just as in routine chemical tests. At the same 
limCf fundamental reseat'cl'i probing into basic lifs processes, the 
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groivth mecUanisni of crystiils, and innimiei'able otliar frontier regiona 
of knowledge will firui the electron inici“03TOi3e iiidisi>e!nsnble^ 

Even bronder in its appliciitions limn the electron mi^^roscope la the 
electronic computing machine^ It not only supplies quantitative 
answers to prohleiiis in fields governed by known laws, however in¬ 
volved Iheir npplication may tie; it also gi^atly occelerutes the dis¬ 
covery of laws goAerning physical phenomena through the rapid 
comparison of the lUT^dictJona of a hypothesis with actual 
liicusnrements^ 

There are two ty pess of electronic computing machines: the analogue 
computer and the digital computing machine. In the former the varU 
aides in the equation to lie solved are represeoted by elcctricnl quan¬ 
tities, such os current or voltage, and the operations occurring in 
hy the characteristics of the circuit and tul>e elements making up the 
computer. Both in principle and in function^ the electronic analogue 
computer is closely related to the ntochLUdeal analogue calculating 
device, which, in the form of Bush's ditTerentinl ana1y?jcr, ushered in 
the era of large-scale computing macliines. 

Examples of e1et:t ronk analogue computers ai^ MacXee's dilTerentiid 
analyzer for the solution of ordinary differential equations (1)V; Gold¬ 
berg nnd Brownes siniultancoim eijuation solver (2) ; and the numerous 
auxiliaiy circuits employed, in iiidar technique anil elsew'here^ to 
simplify the presentation of datju By its very nature the applica¬ 
tion of the analogue computer teiKk to be specialissed, its accuracy 
limited^* Evtii so, it. has proved itii usefulness in countless ways, in 
a saving of time and elToit. and the elimination of human error. 

By contract, the digital computing machinis are quite universal in 
their application and tlieir accuracy is only limited by tlie number of 
aignidcant figures that can be entered on them. As the name implies, 
the digital computer deals with numliers represented by a seqtieiic^ of 
digits. The primary difference between the electronic digihd com- 
finter iirid the fiiniiliar mechanical computing madilno is a difference 
in tlie speed with which the electronic machine can perform the ele¬ 
mentary arithmetical operations. This quantitative difference^ 3iow% 
cver-T leads to important qualitative differences: if the iimo in wlfich 
the elementary arithmetical cq^erations are performed is measured in 
microsccondH. ( lie buKic advantage of the high speed of the macldiic is 
lost unless the time of transfer from one operation to the nest also 
is measured in microseconds. This necessarily elimiimtes the role of 
a human operator from all intermediate operations and even pro¬ 
hibits the eiii|iloymcnt of mechanical devices in the major ijortion of 

* NuEDbeES Jn rcfi!r to rvficEv^if^fl: nt rml tiJT tfali 

■ nv€Eitima]r, n,* Ihc jilmoUftniwmi irnunUnh enlnr, a f«|rltll}r «4nTr>rclDK rroci-tv of 
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the computation process. Tlie liumaii operator only enters in Ilia 
setting up of the mndiine for a given calculation and the reading of 
the final resul ts. 

To perform its fonction effectively the electronic digital computer 
hence nequii'cs, in addition to n group of electronic compuling units, a 
set of “fast” electronic memories, in which an intermwUate result can 
be stored until needed for a later operation, as well as a command sys¬ 
tem on which the complete BCtpiencB of operations to be perfornicd by 
the machine mny be recorded. Additional “slow'’ memories, in the 
form of magnetic or punched tn|>e, can be empioyccl, furthermore, for 
the storage of large quantities of information, such as tables of func¬ 
tions, which may be fed into the fast electronic memori^ on order. 

Mneli ingenuity has been expended in devising satisfactory- elec¬ 
tronic memories. Tlie essential feature of all electronic nicmoiy de¬ 
vice® is tlie presence of Elements wjtli two alternative stable states 
which aro maintaine<l indefinitely unless subjected to new electrical 
“writing” impulses. The Eede-vJordan trigger circuit, contaliung 
two vacuum tubes so connected that, in equilibrium, one tube conducts 
wliile the other is cut off, constitutes such a single element of meinory. 
More recent device®, such as the cathode-ray tube memory of h. C- 
Williimis (3) and the SB-256 tube of Rujehman {4) by conipEirison, 
utilize the proi»erties of the secondary emission of insulators to pro¬ 
vide several hundred such elcincnts (corresponding to the storage of 
an equal iiiiinber of binary digits) in a single envelope. 

The last, few years have seen great advsnices in the magnitude, scope, 
and orgauization of digital computing machines, Tliese will un¬ 
questionably continue and further eipand the role of electronic meth¬ 
ods in science and in our economic organization. It may well be, 
however, that electronic computation will achieve its greatest triumphs 
through the integration of analogue computing devices, with their 
ability to sliort-circuit eJctensive numerical calculations in speciiic 
applicutions, in digital computing systems. In fact, it seems Ectircely 
thinkable that effective headway can be made w Uh extremely complex 
problems such as ato encountered in weather prediction unless nil 
uTaihihle techniques ttre combiued to best ad vantage. 

Possibly the most striking demonstration of the pow cr of elwtronics 
to the average luiin lias occurred in the field of television. ^ l^e de¬ 
velopment of this new industry has far outstripped the predictions of 
the most extravagunt prophets of a few- years ago. It requires littlo 
imagination today to fotescc for the television set a xmivcfsality com¬ 
parable to that of the kitchen langE or the refrigerator. >umerouE 
articles have dealt with the probable effect of this now factor on 
education, social patteriie, and the economy, and 1 shall make no at- 
Icmpt to add liny tiling to their toncliisiorts. lechnicallj^ alsOt the 


240 AXNUAL KEFOKT SilTTHSONTAN INSTITUTION^ 19AI 


pattern for the future hag in large part been ejstabliahed for broadcast 
television^ with the creation of a sound basis for tbe smooth change¬ 
over or side-bv-Hide existence of color and black-and-white television 
(5), Nevertheless, a host of interesting engineering problems, whoso 
solution will lead to the simplification and improrement of ditferent 
phases of television equipment and television service^ remain to be 
solved and, to judge by the recent past, will be solved in original 
fashiom 

Tliere is another aspect of tekvision development that has not 
received, and probably will not receive, nearly as much attention as 
broadcast television and that may yet, eventually, turn out to be of 
even greater significance^ This is industrial television—the utiliza¬ 
tion of tekvision techniques in industry, research, education, com¬ 
merce—in short, in all fields apart from broadcasting. The basic 
industrial television system, in the form of a self-contained, cable- 
connected link incorporating a television camera and a combined view¬ 
ing and control unit, enab^lea the obser^'er to transfer hia vantage 
point to dangerous and inaccessible locations', to view simuUaneouBly 
several spatially widely separated sceuis; or to share an intimate view 
with a large number of other observers without mutual interference. 
The first condition la realized, for example, in the watching of care¬ 
fully shielded radioactive reactions from a protected point, the cheek¬ 
ing of engine performance by a camera mounted on tbe underside of 
an automobile chassis, or the observation of the proper filling of tbe 
scoops in strip mining by a camera placed directly above the scoop j 
the second, by the simultaneous observation of indicating instruments 
at a number of substations from a central station; and the third, in 
the watching of surgical operations on television receivers linked to 
a camera mounted above tiie operating table or the presentation of 
microslides at high magnification to groups of students; in the last 
instance the microscope image is projected directly on tbe target of tbe 
pick-up tube in the television camera and the enlarged image is either 
viewed directly on a home receiver or projected on a screen by a thea¬ 
ter projector. 

In all theoc instanoea compactness and simplicity of the television 
camera are es^ntial requirements. A great step forward in this di¬ 
rection has been the recent development of the vidicon (fi), a highly 
sensitive television pick-up tube with a photoconductiv® target* This 
tube, though only 1 inch in diameter, is capable of transmitting liigli- 
quality television images at moderate liglit levels. Furthermore, the 
extraordinary simplicity of tli© vidicon simplifies control of tho cam¬ 
era from a distance. In a typical example of present industrial tele¬ 
vision equipment (7), the control unit incorporating a monitoring 
kinescope La connected by a 5O0-foot cable to the cameta, Thie cable 
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not only transmits tho video signals from the camera to the kineacopo, 
but, in the opposite direction, transmits electric poiver and canter^ 
ing, focusing, and deflection signals from tlie control unit to the 
camera. 

The amaJl dimensions of the new camera tubes also lend themMlvcs 
well to their emploj-meut in color-television cameras transmitting 
simultaneously picture signals for the three primary-color components 
of the picture. Perhaps of even greater value in many practical ap¬ 
plications is tho observation of objects In three dimensions, made 
possible by the employment of a stereotelevigion camera. Here two 
vidicon tubes, with a pair of objectives controlled by a single focuang 
movement, are mounted side by side. In viewing the stereoraceiver 
linked to the camera, the eyes of the observer are In effect translated to 
the position of the two stcreocamcra objectiveB, and, at the same time, 
endowed with the greatly increased focusing range or “accommoda- 

tion’* of the latter. , * 

Axi example ’where audx tJir&e-dimexxsional observation la paiiic- 
nlarly valuable is the presentation of Eurgicnl operations to medical 
students. Here the relative spatial position of the surgeon’s tool^ 
tho incision, and the organs on wiiich the operation is t>erfoniied is 
of primary importance, llie same also applies, of course, wherever 
television is employed for instruction in mechanical operations. Tlio 
immediacy and flexibility of television demonstrations as compared, 
for example, with demonstrations by means of motion-pktnre film 
should render them an exceedingly effective aid In the process of 
education. 

In the development of networks of television broadcaslmg stations 
we have witnessed the use of microwave links paralleling that of 
coaxial cables. In industrial television, too, situations arise which 
can only bo met by the use of such links, even though this materially 
complicates control problems. Examples are the transfer of visual 
information from the ground to aircraft and viw versa, for example, 
as an aid to navigation, the transmission of ^ientiflc data from rockets, 
and the sending of astronomical information from balloon-niounted 
telescopes at a suflUciently high altitude to escape major atmospheric 
disturbances. The extraordinary range of applications of television 
is best realized when it is recognized tliat television docs for the sense 
of sight what radio and the telephone hare done for the sense of 
hearing. Insofar as the amount of intelligence acquired by the 
average person through vision b incomparably greater than that ac¬ 
quired through hearing, we can safely predict that the revolution 
wrought in our lives by television in its various forms may matenally 
exceed that brought about by the development of means for auditory 
communicfttion* 
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1 \mve ^Ir^ady niunlioned} the mo!^ I'eceiitly developed television 
pick-up tubcj tlie vidicoii j cmplo 3 ^s a target consisting of a photocon- 
ductivo rniitoriul, that a material whidi conducts electric current 
mider the inllurnce of light- Eiuplovcd in a simple photc^nsitive 
cell^ such a material does not emit free electrons into space and hence 
does not fit into the realm of ^^^elccIronies’^ in the narrower Yet, 

muteriul^ from the larger family of the semicondndm^ to which it 
belongs* arc playing an Increasing role in electronic apparatus—not 
only as coniponents of tubes utilizing electron beams, such as the 
vidicon, but also quite apart from vactinm devices: in the fomi of 
the crystal rectifier and the transistor they fulllll certain requirements 
previously met only by vacuum tubes. 

’ttHiereas^ at prt^ent, there is little reason for expecting wliolesale 
ithplncement of vacuujn tubes by their semiconductor equivalents— 
certain basic shortcoming? of I he latter militate against this eventu- 
aiity—the ci^'stal elements will not only find increasing use in spe¬ 
cialised apparatus Avhere compactness is of primary imi>ortanee but 
'rvill also Imj incorporated more and more into the design of more con- 
’lentional electronic equipment. Here also tliu trend is toward com- 
pnetuesa, as eseinplifieil by tlie increasing mse of printed circuits. In 
thia connection the crysiul diixles and triodes rapnesmt but one phase 
of a eonsianl seiirch for improved components for electronic appa¬ 
ratus. From another point of view', tiie intensive preoccupation witli 
ihe proi>erties of the solid state, wl>ich has led to their discovery 
and development, 10 creaUng a fimct of knowledge that has already 
borne rich fniit in the development of efficient plioiiphors, ferromag¬ 
netic umterialst and crystal countera. This is bound to contribute ma- 
lerially not only to the electronic industry, but all oilier industries as 
well, and to supply elective new tool® for scientific investigation^ 
Whatever the future of electronics may be in the ensuing half ceutiiry, 
it is rci-tain to profit from fimdamc^ntal research as it has in the past 
and to repay its debt generously in the fonn of instruments and 
methods to carry nut the tasks of reseercli. 

In the pii-st I 111 If centuiy electronics has demonsti'ated its ability to 
Linnihilate dislanco for Ijolh sound and sights In countless ivay® it 
Jiaw aldeil human safety and reiicA^cd man of routine efforts. To the 
stuontist it has proved itself an hidispen^iihlc aid in researelu No 
pro[jhet is iii'eded to stata tliat^ in tli© future^ the application of elec- 
troinca m fliese (ieltbt tvill bo even wdder, its usefidness even grealer; 
Jimro than thaU, as the piist onipiy sliows, no prophet can have sufficient 
iinaginalioii to predict, at the prasent lime, just whut forms these 
furtjier applicaiious, this increased usefulness may take. Yet one 
tiling is certain: in the fiituro as in the recent i)ast elccirojiica will 
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cooperate witlx tlie other branches of scieivte and technology to aclxieve 
the satisfaction of physical needs, the extension of human kiio’wledgc, 
and the freeing of man’s spirit for creative effort. 
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The New Chemical Elements' 


By Saul Dusiimah 

JTwmj-cA CflHjiJfmt. Gintral Eteelrie R^weh Lah 6 ratorr. SchtneeldAr, N. K, 


Aii malter, mineral and organic, ia made up of oomhmations or 
miitures of elementary eubstancea known as chemical element^ 
Before 1937 about 83 such elements had been found- About 30 of 
these elements occur on tlm earth, in the free or chemically uncombined 
state. Examples of such elements arc: die gases hydrogen, oxygen, 
uitro'^en, and argon, which occur in the atmosphere; the metals gold, 
platinum, silver, copper, and mercury; and the nonmetals carbon and 
sulfur. Each chemical element is made up of infinitesimally small 
corpuscles, which were originally designated atoms, because they were 
assumed to be indiTisibie, The atoms of any one element are the 
flame in size, mas, and chemical properties. If we assign to the atom of 
the lightest element (that is, hydrogen) the atomic weight 1, then the 
atomic weight of uranium-until IMO the heaidest known element- 
is 238 The dlametera of atoms of the different elements vary from 
about one huudred-miUiouth of au inch to about t^ times tliat value. 
About 60 years ago it was discovered that white-hot metals, 
negatively cliarged, emit electrons. These have been ^own to be 
extremely small particles each of which carries a unit charge of 
negutive electricity and has a mass about 2,000 times smaller than 
tliat of tlie hydrogen atom. The diameter of the electron is about 
ono hundred-thousandth of tlmt of an atom. Also, at alwut the same 
time, the phenomenon of radioactivity was discovered; tliat is it w^ 
observed that certain high-atomic-weight elements ^smtegrate 
spontaneously into elements of lower atomic weight. Thus it ww 
rSoguized during the first decade of the present century that the 
atom is not a simple, spherically shaped little mass, without ^^ctuie, 
but must be composed of sdll more elementary patticlea, which govern 
the observed chemical and physical properties of the different chemical 
eJementB, 
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A fij'st approximation to tJie solution of tlio problem regarding 
the structure of tlie Atom was given, in 1911, by the late Sir Ernest 
Rutherford. As a result of a brilliant series of InTestigations, he 
1‘eached tlie conclusion tliat the atom consists of a p<^ilively charged 
nucleus (or core) surrounded by as many electrons as the number of 
unit positive charges on the nucleus. This number is known as tlie 
atomic number of an element, and an element of atomic number X 
will be teferred to in tins article as element X. Tliis number varies 
in value from 1 for hydrogen to 92 for uranium. Thus the uranium 
atom con.slsts of a nucleus haring 92 units of posUi^ie electricity and 
93 electrons, revolving in orbits about tlie nucleus, Sinco 6ie mass of 
even 92 electrons is niwut one-fiftietli of 1 percent of the mass of tlie 
uranium atom, it follows that nearly the whole moss of the atom is 
concentrated in the nticleus. And yet, since the diameter of the nucleus 
is only about one hundred-thousandth of tliat of the atom, we must 
conceive of the atom as an extremely miniature solarlike system in 
w'hich nioist of the volume is just empty space. 

The electrons external to the nucleus are arranged in sliclls or 
grotips in a manner somewhat sinnlur to the concentric ciystal spheres 
in which, according to the medieval ai^lronomers, the stars, sun, and 
planets were supposed to revolve oYiout the e,<«rth as the center of tlie 
universe, With increase in atomic munber, tliat is the ciiarge on 
the nucleus, the electrons fill up firffit the innerma^t shells, and then the 
outer shells. There Is a periorlicity with increasing atomic number 
in tho distribution of the electrons which corresponds to tlie perio¬ 
dicity in clieniical and physical properties of the dements that had 
been previou.<ily observed in the latter half of the nineteenth century. 
Thus hydrogen consists of a nucleus of unit +ve charge and an 
electron located in the innermost shell. TiVJicn one more +va diarge 
is mldcKl to tlie nucleus, the second electron uhich is required to 
neutiiilias the added +ve charge on the nucleus goes into the same 
shell as that occupied by the electron in the hydrogen atom and thus 
forms the atom of helium. W jth the addition of a tliird unit of 
positive charge to the nucleus the thinl electron enters into a second 
shell and we have the atom of lithium which is atomic number 3. 
As more ixisitive charges are added to the nucleus the corri^ponding 
number of electrons enter into tlio same shell until we reach tlie atom 
of atomic number 1.0. riiis element is tieon, w'hich is chemically inert 
like He. This atom 1ms two electrons in the innermost shell and 
eight etei'tJxms in die next outer shell. If we add eight more pos¬ 
itive units to the nudeus the added eight electrons lUl up a thtnl 
^dl, and die dement of atoniic number 18 is argon, which is a chem¬ 
ically inert gas similar to neon and heUmii. Tliis periodicity of 
eight leads to gioups of chemically similar elements; Tims the 


NEW CHE&UCAI. ELEMENTS—LUSEtMAN 


247 


elements Utbiuni (atomic number S)t sodium (atomic number 11), 
and potassium (atomic number 19) all belong to the alkali metal 
group. 

The next members of the group of inert gases arc krypton (atomic 
number 3$) and xenon (atomic number 54). Cesium of atomic number 
63 (that is, 37 + 18) is a member of the alkali metals group. The 
periodicity of 18 is succeeded by a period of 3'3 elements, so that 
radon (radium emanation) of atomic number EQ is the neat and last 
member of the group of inert gasea. 
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Tills poricxlicity in the distribution of the electrons in shells corre¬ 
sponds to a periodicity in chcmicala and pliysicsil properties of tha 
elements when tliese elements firu arranged in order of increasing 
atomic number^ as sliown in the periodic arrangement of elcmentSj 
figure 1 ’ Thus we find that the dements fall into eight groups^ with 
chemically simil ar elements in each group. 

Such an arrangement wfis first suggested in 18T0 by the Ru^an 
chemist Mendd&ff and was based on the arrangement of the elements 
in order of increasiug atomic weighU With further discovery of 
new elements and more accurate detenuinationa of atomic weights 
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it became evident that for some of the elements the order bused on 
atomic weiglits did not ag^i'ce with the order predicted on the basis 
of chemical properties. The reason for this discrepancy came after 
Riithcrford^s suggestion of the nuclear structure of the atom and as 
a result of a series of investigations by Moseley and others on the 
X-ray spectra of the elements. 

Turning now to a consideration of the structure of the nucleus, 
it was discovered, in 1034, that besides the electron, and the proton, 
which is the nucleus of the hydrogen ntom, there also exists in all 
the nuclei another eleiuenUry particle, the neutrou. Tliis particle 
lias zero charge and a very slightly higher mass than that of the 
proton. Our present view, therefore, based on this discovery and a 
larger number of observations, is that the nucleus contains both neu¬ 
trons nnd protons. The number of protons is the same as the atomic 
number (that is, the number of extra nuclear clci^trons) and the num¬ 
ber of ueatmns is e^^ual to the ditfcrcnce between the atomic mass 
and the number of protons. 

Since the chemical properties of an elenieni arc governed soleiy by 
the atomic nntnbcr (that is, the number of protons), it is i>ossibte to 
have two or more kinds of atoms which are chemically inseparable, 
but which liave different atomic mn^es. This is because of differences 
in tlie number of neutrons in the nucleus. Such atoms are known 
ns isotopes. Thus, the nucleus of ordinary hydrogen is designated 
the proton; but there is also an isotope of hydrogen of mass 2, the 
nucleus of which consists of a proton and a neutron. This nucleus 
is dc.signated the deuteron; and while it has the same char^ as the 
proton, it has about twice the mass of tlic proton. A large number 
of the elements iiava two or more isotopes, and in the case of the 
heavier nuclei, these are rudioactive; that is, they decay spontaneously 
with emission of higli'speed electrons^ or gamma rays, or « particles. 
The latter are tlic nucloi of helium atoms and consists of two protons 
and two neutrons. Now the very important discovery has been made 
that it is possible to transmute nuclei of a radioactivo clement number 
X into nuclei of an element number X + l or X+2 by bombardment 
witli protons, deuterons, or helium ions. Since protons nnd deuterons 
have a nuclear cliarge of one positive unit and alpha particles have 
a nuclear charge of two positive units, these particles may be acceler¬ 
ated to very high velocities by means of high voltage in much the 
same manner as electrons are speeded up by high voltage in an X-rny 
tube. The velocities thus acquired by tlie positively charged particles 
are of the order of one-tenth to one-half of the velocity of light. 
Under these conditions, the particles gain sufficient energy to enable 
them to penetrate and oombine with the nucleus of a bombarded atom 
of element number X. The result is an atom of elemeut number X+l 
or element number X+2, depending upon whether singly-charged 
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particles or doublj-clmrged particles ore used as bombardiug pro¬ 
jectiles* That isj an atom of the bombarded element (number X) is 
transmitted into an atom of a totally different chemical element, of 
higher atomic number. 

It is in this manner that the four elements previously niissing below 
uranium, and also elements of higher atomic number than uranium, 
have been synthesized in recintyears. 

The first of the elements to be synthesized in this manner (in 19ST) 
was number 43* Molybdenum is number 42, and by bombarding this 
element in a cyclotron witb deuteronSj the new element, number 43, 
was obtained- Since it was the first element produced artificially 
or tccliiucally, it was designated technetium (Tc)* Chemical tests 
showed it to be an element chemically similar to nuingaitese, as had 
been expected* 

In element number 61 was produced by bombanling neo¬ 

dymium, element miniber 60, with deutcrous. It corresponds^ to a 
long-sought-foF element n hitherto missing in the series of 15 rarc- 
rarth elements which occur in the periodic arrangement between 
barium (number 56) and hafnium (number 72)- This newdy dis¬ 
covered element lias been designated promethium (Pm). 

In 1940, element 85 was produced by bombardment of bismuth, 
which is number B3, with high-speed helium ions. The new element 
wa 3 identified as a member of the same chemical group as chlorine, 
brominep and iodine* Accordingly, it was designated astatine (At), 
signifying “unstable.^^ 

Francium ( Fr, atomic nimitjer 87) was discovered in 1939, os a ahort- 
livcd radioactive form that occui-s in the decay of other radieactivo 
clen^enta aucli ns uranimn and radium* It correst>onds, chemically, 
to the long-sought-for element “cJca-cesium,” which belongs to the 
same alkali group as cesium. 

With the synthesis of these four elements all the 92 places in the 
periodic arrangement of the elements, beginning with hydiogen and 
ending with uranium, were completed- But in the course of the 
investigations on the fission of uranium, four new tronsuranio elements 
(that is, elements beyond number 92) were discovered. Tlie fiirst of 
these, number 93, was produced in 10^) by irmdjating uranium with 
deuterons and was designated neptunium {^p), by aualogj with the 
planet Neptune, which is beyond Uranus. 

Element 94 was produced, later in 1940, by bombarding uranium 
with « particles. Again, by analogy with Pluto, tlie outeraio^ of 
the planets, this new element was desig^iated plutonium (Pu). oth 
neptunium and plutonium are produced in the atomic pile as a result 
of the emission of neutrons by the isotoi3e of uranium, of 235* 

By irradiating plutonium with heliiun ions, element 96 syn¬ 
thesized in 1044 mid designated curium (Cm), In 1945 the element 
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05 was discovered n group of investgators engaged on the Plu¬ 
tonium Project and designated americiun) (Am), by analogy with 
europium, number which is n member of the rare-earth series; 
Theoretically, this new element could be synthesized by bombarding 
plutonium with deuterons. Finally, early in 1950, it was announced 
by a group associated with Dr. Seetborg, working at the University 
of California, in Berkeley, that two elements of still higlier atomic 
numbers had been synthesized. Element DT was produced by bom- 
hording americium, number 95, with 30- to 35-miIlion-volt energy 
holium ions. To this element the name berkelium (Bk) has been 
assigned. Element 98 was synthesized, in the same mtitiner, by bom¬ 
barding curium (number 06) with liigh-siJeed helium ions, and this 
new transmutotion product has been designated californium (Cf), 
A list of the elements cliscovercd since 1901 is given in the accom¬ 
panying table.* 
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In tiic periofiio nmiigftment of c-Iomcnts (fig. 1) it will be observed 
that between Bn (atomic numbesr S6) and Hf (atomic number 72) 
there m interposed a group of elementSj whidi are clicmically very 
similar and are known as the “niro eartfis-' or lanthanide series. 
The reason for the occurrence of 15 such chemically similar elements 
was deduced from a study of the pemussiblc electron configumtinns 
of the elements. The same reasoning also leads to the prediction 
of the existence of the actinide series consisting of elements of atomic 
numbers 89 to 103, inclusive. That is^ we should discover elements 
chemically similar to Bk and Cf of still higher atomic mnuber^ 
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Wlietlier any such elements will bo discovered of still higher atomic 
number is problematical, since all the elements beyond urauium ate 
unstable—that ia^ they disintcgnite rapidly. The main fact revealwl 
by tlw ^theses of the new chemical elements is that the atoms of 
the dilTei'ent elements are not really the elemental particles of nature. 
Bather, the atoms tliemselves are constituted of three still more 
elementary particles, namely, electrons, protons, and neutrons. IVe 
know, in fact, that in die hottest stars, in which the lemi>craturc near 
the center is about lOOtOGOjOiK)" C., same of the atoms themselves have 
been decomposed into these three elementary particles. Of course, 
other particles have been observed, but wheUier they are esentiolly 
eiemeiitaiy remains to be discovered. 

Tltis is certainly not the lasft word on the whole subject. However, 
whatever the future may reveal, we believe that we have made one 
more step forward in acquiring some knowledge of that great uuiveree 
about us, of which we can be only reverent ohservere and humble 
iiiteriircters. 





The Insides of Metals ‘ 


By Carl A. Zapffe 

MttaUurgUt, SahiinoTe, Md. 


LW'ItJi -t pIutM] 

Lost in antiquity are the ori^m of many methods used for examin¬ 
ing metals, but the epochal discovery of the optical microscope a few 
hiindrcd years ago originated the study of metais at high magnilico- 
tion. In its early singes, invesligation witli the microscope was limited 
to an exploration of surfaces. This was uninstructive because tlie 
principle service of metals lies in tlielr strengtli, hence in their m- 
teruttl oonstitutioiL The French scientist do E^omur in iTiffl and 
Sweden's Swedenborg in 1734 advanced the application of the micTO- 
scope somewhat By stmlyiug the surfaces of fractures of metals, which 
disclosed some information regarding Uie manner in which metals 
are constituted. However, tlie difficulty of bringing the microscoiie 
lens dose to the jagged surface of a fracture discouraged, for more 
than two centuries, these and all later scientists from developing 
such an application* 

Among students of minerals, the microsmpe became a tool--aiitJ a 
great one—^principally through the discovery in 134i> by Henry C > ton 
Sorby that minerals could be examined by trenBinitted light if they 
were sliced Fufficiently thin. This introduced tlie thim^mu tech¬ 
nique, which is the bulwark of the science of petrography and min¬ 
eralogy today. . , It 1 ., 

Metals, in considerable contrast to moat minerals, am coinpletely 

opaque and do not BubniU to such thin-scction study. Gold lea* baa 
been beaten so thin that it transmits some light, but this is an excep¬ 
tion which contributes nothing to the problem. It was nt tlie close 
of the last century that metallurgists in Europe discovered the method 
of polishing ami etching the surface of sections cut through metals 
to disclose their inner strui ture, and this has been the means of provid¬ 
ing almost the entire body of technical information on the microscopic 
constitution of metols to date. 


* afpnnti'tt bj aerBiUfton tTom Pltfilra ToOar. ifoL >*' 
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POLSSH-ETCe aiETHOD 

According to fids iwetliocl, h nicUd or alloy is simply cut with a saw 
through some 5icctioii intendod for study. The saw-cut surface is then 
ground flat and furtlier polisiicd with inci^asingly fine emery papers 
and buffing clotlis until llie polishing scratches are so minute as to 
be no longer visible at even relatively high magnification. Such treat¬ 
ment plod rices, of coiu'se, a superficial layer of highly distorted metal 
which completely conceals tlie inie internal formations. This layer 
is then removed by carefully selected chemical ucagents, determined 
through much research to provide cerfahi characteristic effects depend¬ 
ing upon the microscopic st ructure of the mehiL 

The reagent eats off the thin and disorganized superficial layer and 
then attacks llio underlying metal—^but to a degree dependent upon 
subtle differences in composition and structure. The result is a differ¬ 
ent iated mottling, whose pattern is characteristic for the condition and 
hence is niotallurgically informal ivc. This is bIiowti in plate Ij figure 
1, for an alloy of e<ni[d parts of bismuth and ant imony, at a magntfica- 
tion of 32n diameters^ The specimen was cut with a saw, g^onnd,^ 
polished, and etched with a solution of iron chloride m hydrochloric 
acid. Tlie superficial layer was entirely removed, and the underlying 
metal was attacked in the elaborate manner shown. TSie peculiar 
light-colored skeletons are known as dendrites because of their tree¬ 
like form, the word coming from the Orcek ^'dendron ” meaning tree. 

Dendrites express a uniform peculiarity in the gmwth of ciystab 
which causes tliem to gi'ow from the fluid state in the form of branch¬ 
ing grow'ths. IVlteii an alloy—which is a mixture of two or mon.^ 
metals—solidifies froin its Iirjiiid, the fir^ solid to construct the den¬ 
drite is richer in the metal liaving the higher niching pointy The 
remaining liquid is neliiLively rich in the metal of low melting pointj 
and it is this that fills in betw'cen the branches of the dendrite. When 
an etching reagent is chosen which attacks one of the metals more 
tlian the other, the difference belw^een the trunk and the interbrandi 
materis] of the dendrite is riiacic visible by the differenc'O in chemical 
attack. 

FRACTOGfiAPHiG TlOCHNiaUB 

Wliilo the polisli-ctch metliod hm yielded a tremendous amount of 
information on the constitutiem of metals, it also has important limi¬ 
tations. For example^ the remarks tliat have just been given will make 
it clear that the polish-etch technique would supply relatively little 
information for a pure metal No constitutional differences e^ist, 
and attack by a chemical reagent would accordingly be uniform. 
About the only exception ia a preferential attack at the boundaries of 
the individtml groins and the fact that the separate grains are distin- 
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giiished, Peculfttitics existing within tlie grain itself, however, be¬ 
come for the most part unobBervable, 

About 10 years ago, the centuries-old method of do Bcaumur and 
Swedenborg was tried again, this time with a fresh attack and with 
the benefit of modern improvements in the construction of the micro¬ 
scope. A special fractographic stage was designed which allowed the 
investigator to study nascent fracture surfaces, although this time not 
bv exploring (he genera! tipjwaruntjc of the fracture, hut by cxidoring 
detuil within the individual fnicturcd grain. Metals lire v^t com¬ 
posites of minute cr 3 'stuls, called gTains, and the older techiurjiic hail 
done little other than view the surface of tiie eutlro aacinblage- With 
modern fractograpliy it is not the forest but the individual tree that 
is being observed. 

For the past 4 years fractograpliy has been the subject of a sp^ml 
study in tlie author’s Inbomtory, priiicipidly under the ^nsorship of 
die Office of Naval Research, and the research from winch this review 
stems has been largely conducted by F. K. Landgraf and C. O. Worden. 
Many fascinating new features of metals, also other crystals, have l^ii 
discovered. Just a few of these will now be given to show the astonish¬ 
ing elaboration to be found witivin the boundaries of tho microscopic 
gmin itself, and tho many significant research fields inviting fuitUer 

exploration with this new tool, _ 

In plate 1, figure 9, a f ructograph of pure mclulUcbtsmulh la shown. 
The entire field of the photograph belongs to a single grain, us is 
proved by the fact that its markings have a common geometric rela- 
tionsliip. ff this specimeti had been polished and etched, nothing 
would appear but a more or less blank surface, the grain boundary 

lying outside tho field of observation. 

On the other hand, one finds in the fractogmpli a wide assortment 
of markinga. The moat prominent of these are bands which are placed 
at exactly eO” with one another, forming equilateral tnanglra where 
all three directions appear. Tltese are now known to be twins, 
which means that tlie atoms thi-oughout the region of the twin band 
have been forced into a certain special relationship with one another 
by the impact which fractured tlie metal. The fact ^t these twin 
bands lie at exactly 60“ to one another is highly signthcaiit, for it re¬ 
veals that tho fracture ho 3 traveled along a special plane m the bi^utli 
crystal— a crystal face that is tlie weakest link. This plane is the 
so-called basal plane, and is similar to tho prominent cleavage plane 
that characterizes crystalline graphite, also mica. [’“S further 
been determined that tlie twin lands are interswtions of thrM sloping 
crystallographic planer that form alow pyramid on (liehaaal cleavage 

plane. 
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Lastly, close obserTotion will sliow some sliarp cleavage edges, 
representing profiles of fractures on other crystal plane& The most 
prominent of these has been found to be a set also fornilng a pyramid, 
like the twins, but about twice as high. The story of deformation and 
fracture for this metal Is thus written into the subtle markings on its 
fracture facets, 

THH FR AtrrUBK OK STENL SUIUS 

From such observations of the path of fracture through the individ¬ 
ual groins in a metal all tliesc deductions can be made, and many more. 
A particularly important instance has to do with a problem involving 
both the loss of material and human lives. 

During the recent w'ar, more than 40 of the welded steel ships made 
in this country fractured completely in two, and there were more than 
4,000 reported cases of lesser fractures. The problem Is one of on 
elusive property, simply called toughness, whose identification remains 
a great challenge in current metallurgical research. 

Two steels, identical in virtually every respect so far as common 
analysis is concerned, will behave so differently wdieti placed in service, 
such as that of deck plate, as to c,Tuse shipwreck in one cose and no 
trouhlo whatsoever in tlie other. Extensive researches conducted in 
many laboratories about the country, principally under sponsorship 
of the United States Navy, am now blowing that the temperature 
range in which this change occurs is radically different for different 
steels. The fundamental reason for Uiis differGiice remains unknown. 

Nevertheless, froctographic study—as n new tool applied to tlic 
problem— has recently been shown to disclose a clear distinction 
between steel that will fail and steel that will not fail in service in 
a given range of temperature, Plate 2, figure I, is a fractograph of 
a steel that is known to be tough. At a maguilication of 1,000 diam¬ 
eters, an individual grain shows a pattern reminiscent of coral. The 
giniii itself is very small^nly a tiny fraction of the size of the 
bismuth crystal in the previous jdate 1, figure 2— and there is no 
flatness anywhere in the fracture field- AVlieii this steel fractured, 
here due to a hammer blow at — 106 * C., the separation was continu¬ 
ally impeded by tile observed minute roughness as it traveled through 
the metal. The fractograph shows this pattern of roughness visually, 
which can therefore bo interpreted as a pattern Oif toughness. 

A sharply contrasting fracture facet is shown in plate 2, figure 2, 
for steel tliat is of similar composition to that shown in the previous 
figure, but is known by much mechanical testing to be inferior with 
respect to toughness. Tlie magnification is the same as before, 1,000 
diaiiiiitet^j and the facets are seen to be about equal in size. A 
markefl difference, however, lies in tlie couquinitive smoothness of 
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ihc pattern in plate % fienre £. which ^rea visual evUlenra for Ums 
fact that fracture has traverseii tlie grains in this steel without the 
consistent interruption experienced in the tougher steel. 

Witile it is too early to point to useful application of tJiis dis- 
oovety with respect to the ship-plate problem, the contribution still 
being in the research stage, its promise is indicated by the fact that 
the contrast between plate 2, figure 1, and piiite 2, figure 2, is outstand¬ 
ing, whei’cas previous microscopic metliods have revealed no detectable 
changes. In addition, the application of mechanical testing to this 
problem has involved the construction of huge toting wachii^ at 
great cost, and much of the steel is destroyed in its testing, hrac- 
tography requires only a fractured chip and a microscope, and there is 
good reason to believe that the information obtained from the chip 
serves as ivell for the entire lieat of perhaps 100 tons of steel. 

MBTAXiS FOR SERVICE AT UIGU T!BMPliEATt'RE9 


In the new and important field of metals for servi<^ at very high 
temperatures—gas turbines, rockets—there is an application of frac- 
tography that can already be dcscrilicd. 

A pattern api>cars in plate S, figure 1, which has some nsi)ccte of a 
good detective story, and has proved of great importance in the 
production of molylMenum metal, llolyhdenutn has oto of the high¬ 
est known melting points for any metal in the periodic ^etein. -V 
temperatures of white Iieat, where the strongest steel has not only 
melted, but begins to boil, molybdenmii scarcely begins to melt I his 
fact simultaneously makes tlie metal a very attractive one for special 
services at high temperature, but one difficult to produce A si«cial 
furnace was finally designed a few yeare ago which melted molyb¬ 
denum in vacuum by means of tm electric arc. Castings of promising 
size mi solidity rcanUed, but wlwn they were subjected to tlio dilh- 

cult forging operations they would often fracture. 

To shorten a long research story, tiio metallurgists at the Clmiai 
ilolybdeniim Corp. in Detroit found that fiactogmphic examination 
of a small chip broken from the casting with a hammer always re- 
fiectiHl one of two chaiacteristic patterns. The feathery 

in its apriearance and coiinoteil forgeable metal. The sei^nd 
pearly and granular and olways meant nonforgeable metal. 
Iiending upon the presence of one or tlie other of these pat^ns,^- 
termin^ by a brief and simple fractogiaphk enammation, the Jiroc- 
essine of the ingots was directed either toward forging or romelting 
i:"he npperUon the field in plate 3, fipire 
c™Btitiient is clearly visible. These small marking^ 
heads, are now known to be molybdenum carbide. In * 
of tlds same field is a weedy-looking growth of the fine granular 
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matmul now known to be molybdenum oiide. Both of these iiUrnd- 
ing constituents form in the boundaries of the individual gmips— 
the carbide increasing eohesioo^ and the o:side destroying it. Here 
one 13 accordingly looking, as a s|>ecial caacj at the external surface 
of an individual internal grain— not its internal surface ns in previous 
figures —and under the remtirkablo circumstance of finding both of 
the conuteractive phases present, Tlic c^irbide tmd oside react, of 
course, to form carbon oxide gas, which is renioviHl by the vacuum 
treatment. Hera ono can actually visualize the oxide caught in tlie 
act of invading a i-egion of carbide feathei'S, destrojiiig them it 
advances. 

THE MICEL!^H THEORY 

While such discoveries as Oie preceding readily lead to practical 
applications, a matter of far greater scope and interest is highlighted 
by fractographic patterns. 

A ceniury and a half ago, a great French mineralogist and crystal- 
lographer, Hauy, cstahli^ied what U now kiiown as the Law of Ra¬ 
tional Indices in crystallograpliy and laid down a description for the 
physical constitution of crystals vvbtch endured for many years* Haiiy 
spoke of the '^molecules integranteSj” which were presumed to be 
niinuto building blocks—perfect microscopic crj'stals—w^hicli fitted 
together to comprise the macroscopic crystal Virtually every scien¬ 
tist of that period accepted the theory that crystala wens built of tiny 
crystallite units, Tlia impact of atomic theory and space-lattice theory 
in the latter nineteenth century, and particularly X-ray diffiiicUon 
in lOlS, temporarily shattered tliis picture to replace it with a con¬ 
ventional concept of regular atomic structure extending from tJie atom 
individual up to the boundary of the crystal or grain. 

Neverthdos, in the past several decades, thia picture of the homoge¬ 
neous atomic lattice iuis come under sharp criticism from many angles 
of resettrch in which crystalline substances persist in showing a mark- 
wily subdivided structure on a scale far more minute than the indi¬ 
vidual grain, yet much greater tlian tiio atom* Many theories have 
been advanced to explain this anomaly, and these can be revieweil in 
most current textbooks on physics. It is now becoming w idely agreed 
tliot most crystals, if not all, have a finely subdivided structure. The 
nature and the origin of tliat structure, however, constitute one of 
tlie most hotly argued problems in metallurgy and physics today* 

Briefly, the principal contention rests upon the question whether 
the subdivision results from imperfections and acckkntnl submicro- 
scopic cracking, or w^hether it is a fundamental result of the surfaces 
of previous submicroscopic units that come together at the time of 
freezing to form the solid* 
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For the first concept, “dislocnLions" currently ijrovide tlie most pop^ 
ular picture. These are the result of vacant or improperly filled atomic 
positions in an otherwise regular lattice; and their propagation and 
motion throughout the body of the crystal are believed to develop the 
observed subdivided structure. 

For both concepts, the term ^‘inosaiE" has been widely used, ex¬ 
pressing a picture of a gross form built from small fragiuenta, the 
misfits of the mosaic blocks creating the sufadivisious in question, '^e 
mosaic block is usually pictured as the result of mkrocracking, but 
it has also been related to a preexistence in the liquid. . . . , 

Eeccntly a tlicory has been proposed by the author m which the 
mosaic block is described as a micelle specifically originating in tho 
liquid and hnviiig fundanieiital thermodynamic reasons for its sepa* 
rate existence. Tliis word is borrowed from tho organic chemists, 
and means a small repetitive arrengement of a given atomic or mo- 
Iccular species, hiiTing the fonn of a tiny crystalliti^+ buc c ufiterfi 
are believed to be present, according to the micellar meory, ^h® 
liquid and even in tho gaseous phase prior to solidification. Xhe 
theoiw particularly postulates their existence withm angle homo^- 
neoiis phases, such as that of a pure metal. A phenomenon o* 
type is known in colloid chemistry, the liquid being call^ an ^Ikid. 

As early os 1007, one of the founding scicnti^ of colloid chemistry, 
P, P. von Weinrnm, proposed a Goniewhnt similar concept, it has 
since been discussed by Alexander in America, Kljatcliko m Ru^ia, 
and Yoshida in Japan. Tlic present micellar Uieory, published m 
1949, differs in certain respects from those earlier described. It was 
designed specifically to explain the problem of imperfection structure 


in the solid state. ^ _ . 

Without going into any of its technical details, the theory can bo 

described as postulating the formation of clustere of atoms (or mole- 
cults) in tlie homogeneous liquid state as the result of a balance among 
four principal thermodynamic variables: 1, temperature; 

3, comix>sitiou; and 4, surface tension. Iho net re^iU is the pn^im- 
tion of a liquid which in effect is a mass of tmy 
ming in their own debris. Tlie and form of the particles are 
detemmed by thermodynamic and crystallogruphic facto^ W^u 
the temperature is reduced to wlist is known as the freezing point, 
these mfnute crystallites attach to one another, J 

atomic alignments with respect to one another as far as allow^ by 
Ilia freezing conditions, and thus form the solid. The mosaic bl«k 
is now the micelle; and the subdivisional structure is the result of the 


persisting micelle boutidariea. nnitttfTi of 

Returning to fractograpliy, plate B, fi^re , ai , , j 
a fracture which imsscd through a gram of cast molybdeuiiiu 
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contrast to plate 3, 6gure 1, where it traversed the boundary. This 
elaborate patteni is believed to represent a frozen record of tlicf^rowth 
pattern during the time that the nileelles of the liquid state were 
orienting and transSxing to form the solid. The roughly pamllel 
bands are believed to result from pulsations in the solidifying front. 
This iiietnl was cost—^it will be recalled from earlier description— 
under the conditions of an electric arc at extremely high teniperatute, 
and it solidified in a water-cooled copper crucible. These arc violent 
freezing conditions for a metal melting near 2620*^ C. (4TS0‘’ F.), 
The story of solidification read from tiie fractogniph in plate 3, 
figure 2, would show this grain to have formed from the upper left 
corner toward the lower right, the micelles rotating and orienting with 
one another sufficiently to produce a single crystal, but remain I ng 
.-ilightly displaced from one another and misfitted sufficiently to set up 
a sjieciat pattern of weakness, whicli then showed itself fiucto- 
graphicaliy by deflection of the fracture travci-se in accord with tlie 
pattern misfit. 

Finally, in plate 4, a pair of frnctographs adds further description 
to the micellar concept, and in addition shows an unuaunl application 
of the fractographic techniquo. A specimen of plain iron {Armco 
ingot iron) was annealed at 1350" C. for 9 hours and slowly cooleil 
In the furnace to remove effects of previous mechanical strain and 
to increase the grain size, Tlie metal was then embrittled by forcing 
atomic hydrogen, Into ita structure. Thta was accomplished by making 
the stiecimen the cathode (negative electrode) in an electrolytic ceil. 
Iron absorbs hydrogen, but only atomic hydrogen; and, on the sur¬ 
face of the cathode, protonic or atomic hydrogen is deposited by tlie 
electric current passing tlirongh the solution—^herc If) percent sodium 
hydravide. It i» known from extensive research that this atomic 
hydrogen enters among the atoms of the iron, probably diffusing 
through interatomic Interstices, and then later precipitates at certain 
well-defined places within the body of the grain—the intennlccllar 
lioundaries, according to the micellar theory. Tlie result is a marked 
loss of ductility ; and It is soul that tlio metal is suffering frotn 
hydrogen embrittlement. 

The iron in plate 4 was fractureil while enibrittlcfl with hydrogen- 
The two fractured halves of the metal were sepamtely mounted on the 
microscope, and a fmctogr&ph was taken of the same facet on the 
two matching halves of the fracture. These two fraetographs are 
mounted facing each other in plate 4, constituting obverse and reverse 
views of the fracture traverse through the single grain. Thtis, one 
can follow the various markings as they appear to either side of the 
fracture. Most markings appear on both sides, but aomc do not; and 
there arc provided some informative differences. 
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However, pniticular attention is called here to otlier mat tcra. First 
ia the fact that the outstanding markings are at exactly 90“ to ono 
another. Tliis is because iron fractures on a crystal plane that can 
be described as tJie face of a cube. Just os the hesagonal- rbonibohed ral 
bismuth crystal in plate 1, figure 2, displayed equilateral triangles, so 
the cubic iron shows s(|uares and rectangles. Hera intersecting 
cleavages provide the cubic symmetry, rather than twins. Even the 
meandering markings will break down on close observation to show 
thMUselves as minute stepwise composites of SO® tnarkirig^ The 
whole pattern, and particularly these tiny stepwise markings, give 
strong expression to an elaborate arehitecture existing within a single 
grain j and they certainly stand as impiossivo evidence in the favor of 
a general micellar theory. Little wonder that Hauy hypothecated his 
“mol&ulcs intcgraiites.” The grain is visually composed of tiny sub* 
gi’sins, Or micelles, and without them it would be difficult to explain 
the pattern. 

A NEW BItA OP ENQlNEBniNO UATEUIAl^? 

Many things must bo left unsaid in a brief review of so v(^ a sub- 
j'oet; but one particular issue follows from all this work which holds 
extravagant proiulsa for future developments in engineering and henee 
in civilization itself. This is the fact that calculations, using many 
different approaches, all agree Uiat the atoms of metals actually cohere 
with strengths of the order of several millions of pounds per ^uare 
inch. Today the greatest achievement in engineering materials w 
of the order of two or three hundred thousand pounds per square inch. 
The reason that the observeii strengtlis of materials are so vastly 
inferior to the theoretical atomic cohesion ia generally a^ed to be 
the subdivisional structure within the grain. The only thing not yet 
agreed upon is the nature and the origin of that substructure. The 
typo of microscopic study here described greatly increases the in for¬ 
mation on this prire problem of sol id-stnta physics. 

For a better understanding of the problem, tlie micellar theory h^ 
been offered. Right or wrong, the eolntion is certainty nearer ; and, 
when the answer is found, it will bring with it a definite po^bihty 
of utilizing a new order of cohesive forces in developing tho fu 
theoretical strength of metals and perhaps other engineering materials. 
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PLATE 1 
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PMiTe 2 



L I^Vactojsrn^h of a tough ti^xi luitablc far inch ironttruEitson ai «hTp'pkic. Tht md[- 
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Atomic Weapons Against Cancer^ 


By E. N. Lockard 


All over the United Stutes today tliere 5s the feeling that the <lread 
disease of cancer may not remain tlreadful much longer, that in 5, lOj 
20j or 50 years the ever-increasing number of projects engaged in 
cancer resoaixh will win the war that has been waged for centuries* 
Tire encouraging signs are many—large budgetSj enlistment of 
civilians} discoveries, publicity, special biiiMinga, pooling or coordi^ 
nation of resources, new techniquesj and devoted research, Thd 
fighters on this frontj like resourceful warriors on the battlefield* 
recognise that tliey cannot safely place solo reliance upon any one 
device* but that they must attack with every possible weapon at every 
po^bie point, that now and at every other moment they must work 
with every approach that looks even a little promifllng- l^nt thoug 
they continue to explore all possible means of control, the one factor 
that has done most to inspire new hoi>c3 of success is the use of radio¬ 
active kotupes. By means of tiiese, atomic energy is being brought 
into action as a new weapon in what has been hitherto a losing ba^lo- 
We can understand the potential use of radioactive isotopes be^ 
if first we recall some of the tilings we know about cancer. It nou 
ranks second only to heart disease os a killer of men and and on the 
basis of present mortality rates could be espected to kill 1& million 

Americans now alive — or 13 out of KMl, g ^ 

Yet when we attempt to explain the causes of cancer^ we are forced 
to admit that we do not know why^ when, or how the cancer cells eUrt 
multiplying out of or among other cells. Radiations irritation, dim- 
ical compounds, viruses, parasites, and heredity are all concerned; 
yet W6 do not quite know how* But on the afliitnabve side 
know that cancer b a growth^ and we know that the imit^ of this 
growth are cancer cells, which retain many of the characteristics of 
normal cells. We know further that cancer is wild, luxuriant, and 
proliferating in it^ growth, not subject to the mechanism of metea^ 
that regulate the mnUipUcation of normal cells, that it invades with- 
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oat wamiRg or permiaaioiij and tlmt it enjoys an itmponsible, black- 
elieep existence among the other cells* Also we know that cancer is 
metastatic (changing in its location)—perhaps the most dreadful 
fact of ail; it is local at Erst but it spreads; a surgeon may cut it out 
in one place and years later find it in half a dozen other plao^^ 
metastasis of the origmal site. 

The elusiveoesa of the camcer cell itself, the difficulty of determining 
where it resides in the body, mud the inability of scientists to detect 
what substances of the body are necessary to its growth are factors 
that have so far prevented successfu] control* Moreover, the seeming 
impossibility of destroying malignant cells without also destroying 
normal celJa obstructed effective tieatment of cancer where it is 
known to exist 

It is precisely in connection with these factors that the use of 
radioactive isotopes—radioisotopes—is so important and encouraging. 

The word “isotope^^ uieana having the same place, and its use in 
this discuosiou comes from the fact that tliere are two kinds of atoms 
w'hich have the same place in the periodic table used by chemistsL One 
kind of atom is stable, the other is radioactive. 

In order to understand the difference between the two, one must 
know a little about pi-esent-day nuclear theory» According to this 
theory, an atom of an element is like the solar system; it is composed 
of a sun (the nucleus) and a group of planets (electrons)* But the 
nucleus is not quite so simple as tl\o analogy to the sun would suggest, 
for it, in turn, is made up of protons and neutrons. So the atom m 
composed of— 

I, the nucleus (sun), containing 

(la), protons (w'hich bear a positive electrical charge), and 
(Ih), neutrons (wbidi bear no electrical charge), and 

II, the electrons (planets), which bear a negative electrienl charge. 

In rdl atoms the number of electrons (II) equals Uie number of 

protons (In)* This number determines the place of the atom on the 
periodic table and is referred to os the “atomic number” of the elemenL 
Whei'e one isotope differs from another is in the number of neutrons 
(lb). Since variation in the umfiber of neutrons re^ilts m variation 
in the weight of tlte atom, isotopes of tbe same element Imve different 
atomic weights, though always having the same atomic tiumber. 

Carbon provides a good example. There are five known isotopes of 
carbon, but the atomic number for all is the same: 6: This means 
that each containa six protons in the nucleus (la) and six electrons 
outside (II) and that they are all found in the same place tu the 
periodic table* They differ only in the number of neutrons (lb) and 
consequently in atomic weight They are written 0“, 

and C^** Here the atomic number ia omitted as being understood; 
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odiefwiso we would write *C^| ^d so oil The first isotope has 
4 neuttotis (the ditferonce between 6 und 10) ^ the second 5 , and so oji. 
Of th^ 5 isotopes 2 happen to be stable (C“ and C^) and 3 radio 
actJTfi—that is, constantly disiiitegratingby ghing ofl rays or particles, 
(As il happens, is so useful that when one speaks of radioactiTe 
carbon one means and not or G^\) 

The radioisotopes are chiefly useful in cancer research and diagnosia 
because of tlto way they cam be detoctixl in the body. As they decay, 
their radiation ionise gases, changes Uie charge on electrode, or 
creates electrical pulses^ These pulses, to take one example, can be 
counted by a Geiger counter or other kinds of counters^ Thu^ radio¬ 
isotopes can be used to tag a substance before it is introduced into the 
body^ and when the substance is tagged it can be traced. Tins tracer 
use of radioisotopes has become so fauious that it has been called the 
most useful research tool since the microscope* 

As tracers, the radioisotopes permit both qualitatire and quauti-^ 
tatiya biological analysis. In the former, the compound containing 
the rad.ioisoto|>e can be followed wherever it goes no matter what 
chamical form it takes; in the latter, the amoimt of the tagged com¬ 
pound can be measured. 

One of the most important problems in cancer research is to deter¬ 
mine what substances of thu body are necessary to the grow* of 
malignant tissue. In this research various compounds are temg 
tagged wdtli radioisotopes nnd their uptake by the several kinds of 
tumors measured and studied. For example, after radioactive carbon 
haa been synthesized with cancer-producing hydrocarbons ita route 
can be traced, by means of the carbon 14, as it creates cancer in t o 

body of a laboratory animal* ^ . i z 

Such tracing experiments make use not only of the detectability of 
radioisotopes but also of two oUier characteristics t ne o t lese is 
that a little of a radioisotope goes a long way, bo its use uiTolves no 
danger of injurious radiation. One gmm of carbon li, for eiflinple, 
can be diluted one million million timea before it vs imp^bU to 
tect; and one million billionth of an ounce of mdiophosphorua is 
detectable. Laboratory studies are ueverthelcss being made to dis- 
cover the limits of sife dosage for radioisotopes both in tracing and 
in therapy. The other characteristic is that, since the radioi^to^ 
is chemically like the stable isotope, the body aowpta lh& one with the 
other. The study of the uptake of tracer doses of radioiodine by the 
thyroid gland, for ciample, is possible because neither animal nor 
human organism can tell the isotopes of iodine apart; so ® ™ 
isotope enters and leaves the thyroid gland U^e stable vso o^ 

doea> By adding radioactive iodine to stable iodine con^iieutly, 
and using a Geiger counter against the skin to count t e pu scs rom 
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tbe gamma t*ys emitted 6y research workers have found that 
iodine is concentrated by tlic thyro'id gland. They have also found 
bow much iodine is absorbed and eicreted and at what rate. 

Radioisotopes can also produce cancer. This is turned to account 
in cancer research by using some of tliem, strontium fi£>, for example, 
to induce cancer in experimental animals for studies tliat may throw 
light upon cancer in human beings. 

In addition to llieir usefulness in research directed toward increas¬ 
ing our knowledge of cancer and tlio tissues it destroys, radioisotopes 
am being employed in diagnosis, to detect and locate cancer. It has 
been difUeult, in the past, to estimate the exact location of a brain 
tumor by means of external signs on the patient’s body or by X-ray 
studies. Now, by injecting radioactive phosphorus in tmeer amount 
and relying on the tumor in its rapid growth to take up more of it 
than the slow-growing normal tissues surrounding it do, a phymciati, 
using ft counter, can compare the radioactivity in different parts of 
tlio bruin and locate the tumor more precisely tlian before. 

The final use of radioisotopes is in therapy, to inliibit or destroy 
cancer, A somewhat complex case at the Moiitefiore Hospital, New 
York, involving the use of radioactive iodine, will illustrate botli 
diagnosis and therapy. In 1023 the patient had his cancerous thyroid 
gland renioved by surgery. For the 16 ycare following he was well. 
Then he reported to Montefiore with a tumor in his back which, after 
surgical removal, turned out to he a metastatic cancer of tlia thyroid. 
The cancerous thyroid gland that bad been removed 16 years before 
had spread before its removal and was now showing up in another 
locality. In the next 4 years it showed up in still other places, metos- 
tascs that X-ray therapy could not control. By means of tracer doses 
of radioiodine, the metastases in skull, lung, ribs, spine, pelvis, and 
femur were revealed to be getting worse. Therapeutic doses of radio- 
iodine were then resorted to. The patient got better and is still well 
today, 5 ycats after tlie first radioactive therapy. The radioiodine 
saved, or at least prolonged, the patient’s life; it is only fair to add 
tiiat most coses are not so fortunate. 

In this case, as in ail the previous ones mentioned, rBdioisotot>es 
were used hmnisa of their characteristic behavior as tracers. But in 
the tlierapy of tliis case, two other cliaracteristics come into play. 
One is that radiation has uneven effects upon various kinds of tissue, 
and cancerous tissue is generally more susceptible to radiation than 
normal tissue. Tile other is a characteristic which radioisotopes share 
with stable isotopes; certain ones have, as elements, an affinity for 
certain tissues—^phosphorus for bone and iodine for thyroid are ex¬ 
amples. These traits have led to the hope of finding a substance that 
will have such an affinity for cancerous tissue that enough of it, radio- 
Bctively impregnated, can be de^Kielted in the cancer to kill it. So 
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far no substance with true specific lociiUaitioii in cancerous tissue lios 
been discovered, but the localization ivith radioisotopes is so much 
Greater than witli the older sources of radiation, X-ray^ and radium 
which is dangerous to deposit internally, tliat tlie aJmiui^ration, 
orally or directly into the cancerous tissue, of rndioieotopea is now a 
recognized method of radiotherapy-und in some few instances, the 

“ tI^v, and radiophospborus have been pi;oved effective 

in treating the noncanoerous conditions of hj-perthyroidism and poly¬ 
cythemia {abnormality of tlie blc«d-fonning tissues), respectively, 
lis effective in treating cancer of the thyroid and leukemm (can^c 
of the blood-forming tissues), also respectively. 5for are these lU 
only elements that can be used; therapy is also posable with ratlio- 

chL valurof radiocobalt results from the fact that it re^mbles 
radium, the old standby in the treatment of cancer by radiation in 
that it emits gumma rays; but at the same time it has several advan¬ 
tageous qualSe^ that radium lacks. One 
price, mcraas radium is so espcnsivo {it costa between !|,la,000 
$20,000 a gram) that amaUer hospitals borrow it from larger on^, 
cobalt 60 is manufactured abundantly enough for free supply to 
cancer-research workers and for sale at a low price to paying patients. 
Another advantage is application; while radium is contained m n^ 
iiliable tubes, radiocobalt can be made up in phable slinp^. Tl« 
Lost inlerasting advantage is tlie ease witli radiocob^t ran 

manufactured and stored: ordinary cobalt can be fabnea^, ^ 
irradiation, into cobalt wire; after irradiation't ran stored 
thread on a spool; and like thread it can be snipped off ^ 

needed. In addition, radiocobnlt, if accidentally set f™ m the body, 

does not lodge in the tone as radium does „ 

can, finally, be handled more safely and with less shielding than 

’^“Si^old, like radiocobalt, has several advantage ^ 

tionnl types of radiation. In the first place, radiogold^con be mj^ted 
directly into the malignant ti^ie; X-rajs cannot. 
cause of a half-life of only SJ days, radiogoid need not be removed, 

as radium needles must, * .jt.tiiit 

In order to improve tlierapy with radioisotoi>es, scientists arasludj- 

ing the selective pick-up by cancerous tissues of various 
that con be ^nthesi^cd with the radioisotopes of a number of de 
ments. Cancer is fivquent in the organs controlled by hormonej^ 
the uterus, the breast, and the prostate gland. Since these ^ 

pend upon known chemical compounds, some sex iiormon^ 
radioisSJopes have been smthrai.ed. Unfortunately, so far no target 
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organs have shown sufficient concentrating power to make radioactive 
liormonea look promising. 

Wliere does medleal science get these radioisotoi;^ on which it 
increasingly reliest The first sourc© was,the cyclotron, or atom- 
smashing machine, but this source has now been reduced to a very 
minor position by the nuclear reactor, or pile* In certain very limited 
respects, the cyclotron can do things which the pile cannot do. It can 
use different types of bombarding particles, and because of this 
variety in projectiles and diversity in energy, it can make some radio¬ 
isotopes that the pile cannot (sodium and arsenic 74 are cicainples), 
and it can also produce a few radioisotopea better than the pile can 
produce them—radioisotopes with a liigher specific activityi which 
is the ratio of the radioactive atoms to the stable isotopic atoms with 
which they are mixed, and earner-free radioisotopes (isolated from 
the stable isotopes)* But some of its products are inferior to those 
of the pile. For mstancG, where the pile produces iodine 131 with a 
half-life of 8 days, the cyclotron produced iodine 130 with a halfdife 
of only 12 hours. In terms of research this meant that unless the 
research laboratory w as near the cyclotron, the iodine ISO would have 
radiated away by the time it arrived. But this deficiency was negli¬ 
gible as compared with the one great drawback of the cyclotron—its 
limited capacity for production. Atom-smashing cyclotrons hava 
alwayB been few and far between, and their products few and expen¬ 
sive. A great deal of research which was being planned by medical 
and biological men throughout the country had to be held up until 
aometlung came along that could produce the desired isotopes in 
sufficient abundance to make them cheap enough to buy and available 
to all who could use them* 

On December 3, 11M3^ this something appeared when the first self- 
sustaining chain reaction was achieved at the University of Cliicago 
and nuclear fission became a reality. Nuclear redactors were built, of 
cour^, not to produce isotopes, but to provide fissionable materia] 
for the atom bomb and related research. For a time, therefore, cancer 
research men could not draw on this potential source of isotopes. 
But since the end of World War II, the Atomic Energy Commission 
has moved to make its facilities available and has created for the 
first time an adequate supply of isotopes. Today, TO percent of the 
radioisotope production schedule at Oak Ridge is directed toward the 
study of cancer, with more than 250 research groups using the prod¬ 
uct- The reason for the excellent production is tliat the nuclear 
reactor haa proved to be capable of turning out radioisotopes abun¬ 
dantly and cheaply. The emphasis is on abundantly; the cheapness 
follows from that The abundance is well illustrated by the fact that 
only about 1 kilogram of radium had been produced from its discovery 


ATOKUC WEAPONS AGAINST CANCER—LOCKARD 


269 


in 1806 to Ifrtlt whereas since alomk energj was developed we hare 
had the equivalent in radioactivity of thousands of tons of it. 

It 80 happens, forlnnateiy, that not only can the pile produce in 
creat quantity but it can also make all the most important radio¬ 
isotopes, including those most helpful in cancer, tiiough the cyclotron 
still retains important secondary values as a praluocr. 

Tlie pile can prwluce a thousand to a million times as ^eat a 
quantity of isotopes as the cyclotron can; in contrast to tha c>c o ron, 
wliich uses different types of bombarding particles, even neutrons, the 
pile is exclusively a neutron machine. It uses neurtons in tno ways 
to manufacture radioactive isotopes. The first way is nuclear fi^ion-- 
the actual splitting of nuclei. Eacil nucleus of the targe e cmen , 
uranium, that is hit by one of the bombarding slw neutrons sphts 
(fissions) into two or more fragmente, in many different waysj ^us 
many different fission products result. They are radioactive (un 
stable), which means that they will give off energy by the emission of 
one kind of particle or anotJier until they reach a stidilo or are 

used up. Strontium 89 is pradiicad m tins way and so ts iodine 13 . 
But anotlier practical w.ay of producing iodine 131 is by casing non- 
fissionable nuclei to absorb additional neutrons, and this is the second 

way of making radioisotopes, . , u 

There arc three kinds of neutron absorption— simple absorptioi , 
absorption followed by decay into a daughter element, an Irensmu a 
tion. In till three, special target material is inerted into the nuclear 
reactor, which is already in operation with fi^ion “ 

neutrons. If, for example, ordinary cobalt („Co ) is inserted into 
the pile, it absorbs one of the neutrons flying about and, while re¬ 
maining cobalt (the number of protons and elwtreus do^ not change), 
becomes cobalt 60, which is radioactive. Ihis is simp e neu ron a 
sorption. The product realiaed is always isotopic with the target 

*Li the second kind of neutron absorption, the material put into the 
reactor to be irradiated Is not isotopic with the pro urt wantw in ^ e 
result, but a different element, A practical meth^ of 
radioioditio comes here. A stable isotope of tellunuin (^e ) 
is inserted into tlie reactor; when it absorbs a becomes 

which, being unstable, decays by emitting a beta ray, the 
emission of the beta ray involves first the convcreion ® ^ 
into a proton and an electron and second tlie ejee ion o ^ e e 
(beta ray and electron mean the same tiling) with the 
in the nucleus; thus tlie atomic number cliaiiges rom - o J _ 
there is a gain of the proton) and tlie atomic welg i oy _ _ 
(since the loss of tlie neutron is balanced by Uie gain of the proton, 
and so «iTe”‘ by beta decay becomes mI'**! d daughter e emcn 
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In the third kind of neutron absorption, called neutron transmuta¬ 
tion, again a target element nonisotopic to the radioactive element 
desired is inserted into the operating reactor. A good example is 
carbon 14, which is produced in practical quantities by neutron trans¬ 
mutation. Ordinary nitrogen (tN^*) is the target tnaterial; ahaorbing 
a neutron, it emits a proton; iJic loss of the proton drops the atomic 
number one place and therefore changes tlio element; the gain of the 
neutron keeps the atomic weight the same; thus is transmuted 
into n.O\ Similar transmutations are possible with the emission of 
alpha particles instead of protons. 

This is not the whole story of the production of radioisotopes iu 
the nuclear reactor by means of nentron bombardments How the 
radioisotope desired Is separated from tho otlter fission producia or 
from stable isotopes is also, to name one aspect, a part of the complete 
story. Additional points to remember, however, are that any com¬ 
mon element can be irradiated in the reactor, that what radioisotopes 
the reactor cannot make tho cyclotron can, and that between them tlicy 
account for more than 500 induced radioactivities—every one of the 
^ elements has at least one known radioisotope. One point more 
and an important one for cancer research is tliat both the cyclotron 
and tlic reactor, because they use different means and therefore accom- 
pUsli different ends, ai^ needed in the constant experiments being 
carried on for new isotopes and for isotopes of varying specific activi¬ 
ties, half-lives, and energies^ 

The facilities which need to ha brought together in order to provide 
tnaxiniuni effectiveness in cancer research are varied indeed. In the 
research center itself many kinds of experts are needed — radiological 
physicists, biologists, and mwlloal experts who know the affect of 
radioactivity on living things and how to safeguard health ; chemists 
who can separate cancer-useful products from the other products of 
the reactors and can sjnithesixc radioactive chemicals and drugs into 
diemically useful compounds; and experimentnl nuclear physicists 
who can select materials for insertion into tho reactors. The equip¬ 
ment for producing radioisotopes should also be near at hand, so that 
the laboratories will receive quickly those radioisotopes that are so 
short-lived that transportation over a distance ia impractical. Such 
equipment must, of course, include a cyclotron, for the sake of its 
distinctive products, and a nuclear reactor or pile^ 

Here the Atomic Energy Commission is vitally involved, for the 
pile is primarily n producer of fissionable materials, and in the words 
of the Atomic Energy Act, ^^all right, title, and ituerest witliin or 
under the jurisdiction of the United States, in or to any fissionable 
material, now or hereafter produced, shall be the property of the 
Commission” and ^^the Commission • • • glmll ho the esclusive 
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of all facilities for tho prodactioli of Sf 
• • ♦ P Since all fisaiontible material is produced at tlia Com- 

n.i^ion’s national laboratories (Oak Ridp, f 
Argomrn Laboratory in Chicago) or at other 

cute the pTo<n-am of the Commission (c, g-, Los Alamoa and the T^i- 
ve^iS of California), the availability of isotopes deppds npon 
I e SliS of the Commission. Tliere is, furthermore, the axplict 

" u£ ta L Alondo Enersj Act th.t .he “ 

its powera in snch manner as to insure the continual conduct of ^ 

lions of dollars a year, , ajctiritics- 

This «.eer piOE^e. to 6"""“’o« 

I„ the tot pl.«, there ie 

totopee to heepitalrt "e-Ua"' =''“><’'*■ 'ilwh. V^cTs r.ktog 

of three sodium (Ka-), the 

AX^toS'Ven. the re— 
ckred free, those most veluehlo m cancer r^ ,„d^dtoclive 
redioeetive cerbot, (C"). radioectire coWt (Co ), end retoeac 

®°Ml^?U.e Ctoroiseion gives fto.nci.1 Jtod «« 

ce^o ri:.reh projeets ontoide ik •■^';“'t.d toe^iX 
1949 there uere T8 such research studies in biol gy .(—npife. 

T„?r.hlrd piece. Ure Conrmitoioj through 

is Studying the inmpnce ^“sHar the studies have not 

SXto"X; orTthoormel chadren, stimirUrs. or 

"XnTfoS. are Co^ri-ien is .otnmitted to P-^ing toiiitta 
at its own installations for dinical ^hi™go, is part 

ter for cancer research. necessitr elements^ho re- 

Never until recently have all the^ n«e^ry 
search laboratory, the cyclotron, and the pile-been oroug 
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thoir ideal relationalp, but tbe Chicago development will unite them 
all, and wDI oonslituto a unique combination of weapons to increase 
tlie assault on cancer. PUjsicaUy, four buildings wdl moke up this 
center. One of tliese is tlte Ion Accelerator Building, which contains 
the university’s new iTO-inch synchrocyclotron. A second is the 
GoMblatt Hospital, named for one of tlie department-store Goldbl&tt 
brotliers who died of cancer; it will make use of, among many things, 
the products turned out by the univcraity’s cyclotron. The other two 
buildings are to be government-owned but university-operated, and 
they are the Argonne National Laboratory (located just outado 
Chicago), winch contains nuclear reactors, and the Argonne Cancer 
Research Hospital, which will make use of the products turned out 
by tile Laboratory. But the important point is that since the uni¬ 
versity will operate all four, since three of tliem are on the university 
campus and the fourth only 40 minutes away, since two of them ore 
exclusively concerned with cancer, and since the staff members of all 
four will help each other on common problems, the University of 
Chicago and the Atomic Energy Commission in combination will 
have an installation for attacking cancer such as exists nowhere else 
in the world. 

Today cancer is being fought on longer fronts and mom fronts 
tlian ever before. No one knows by whom or in what research project 
tlie discoveries so long sought after will be made; no one knowt even 
that they will be made. But men and women all over tlie country, 
in biology, in physics, in chemistiy, in medicine, in surgery, in atomic 
energy, and in nontechnical capacities, are devoting their time and 
money to the chance that they will be made. It hardly seems too 
much to hope that in this fight atomic weapons will play an 
important—perhaps a decisive—part. 
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The first half of tho present century has seen biochemistry develop 
from a humble servant of physiology into a 
riglit. Its vast field of study is the cliemistry of all 
the simplest bacteria to the higher plntits and ani^ls, “-«« ^ _ 

study it calls upon the services of almost eve^ oUter branch 0 
Much attentiorhas been paid to the elucidation of the st^^ur* of 
the compounds which make up the living cell, an m J. . 

increasing emphasis lias been placed on stu ying ^ovv _ . 

tions. Much is known of the nature of die rew matenal 
factory of the cell and of the products made there, and now Oie 
has switched to finding out more about the intr.^te Tuachinery and 
precessea which take place inside tlie factory. J*'?. 
the cell ate its enzjTiies or fonaeiita wliicU enab e i _ o ry 
remarkable range of chemical reactions that make life possiol . 
ThS w J“Sy vigowu. diBcusion during Iho crnlu^ 

cJc'Sug U« nitu^ ■>< f.ro..»«tio». ^ ..W, *d 

insipid gripe juice turn apparently spontaneously into ^ 

wort chf^S into beer! \Vliat was the nature of the scum or 
tliB veast, which appeared at the same time t In France, a equa 
in value to a kilogram of gold was offered in ^fcrmentl 

to the question “Wiat distinguish® su^nces 

from the materials they are capable of fertuentmg! _ jjalsaion 
nrizo was never awarded, its offer drd much to ^inmlate dis^ion 

and controvert, as yeast was considered at ^ it 

byproduct of fermentation, and it was widely beht^ed that it p J 

no essential part in tlie process. Vinv® shnrvn 

About 1837, three workers claimed fo. fermenta- 

that yeast was a living organiEiii aad was resi 


* E«l)rrli]t$d Ilf p#rinlMloll froio 1051. 
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tion. This revolutionary vicTv was received with scorn by orthodox 
chemists. Berzelius, the outstanding chemist of the day, reviewed 
this work scathingly in his chemical journal, whfle Wohler wrote a 
^rc^tic skit on the whole business wdiich was published by Liebig 
in his Annalen, In this, yeast was described as consisting of eggs 
wliich hatched out into minute animals shaped like a distillation 
apparatus, into which sugar was taken as food and converted into 
alcohol and carbon dioxide, and the whole jiroeess could be observed 
(iuite easily under the microscope I Soon after this, Liebig set out 
his views on the nature of fermentation. Yeast played no part in his 
purely chemical tlicoty wliich came to be widely held and was taught 
for many 3 'ears aftersrard. According to Liiebig, tho nitrogenous 
Riaterial in fruit juice was a ferment, unstable in the ])resence of 
air, which wused it to undergo a progressive change, Wliile this 
ciiange was in progress, die ferment communicated its iustability to 
me sugar, which then broke down into alcohol and carbon dioxide. 
Liebig was able to produce chemical anahigies for this; for example. 
Silver is dissolved readily by nitric acid, but platinum is quite un- 
auMted, yet an alloy of die two dissolved quite easily and completely. 
This was, he said, because the silver, in dissolving, communicated its 
instability to the platinum. Tiouis Pasteur, on the other hand, strongly 
opposed these nonvitalistic ideas, and developed his diesis of no fer- 
mentiition without life. He said that alcoholic fermentation nevor 
occurred “without the simultaneous organization, development, mul¬ 
tiplication of cells or the continued life of cells already formed,” It 
was true tliat Pasteur had to distinguish between what he called the 
“organized ferments” as in yeast, and the “unorganized ferments” 
(such as pepsin which is secreted into the stomach or ptvalin of saliva, 
which breaks down starch), since such unorganized fennents could 
be hIiouvti to act in a tost tube. 

After prolonged discussion, during whidi no new decisive esperi- 
mental evidence was obtained, the Pasteur-Liebig controversy was 
suddenly settled by a fortuitous and lucky observation of Hans and 
Eduard Buchner in 1S07. Tliis discovery is one of the notable mile- 
^ones in tlie long path of physiological chemistrj', and many regard 
it as marking the beginning of modem biochemistry. The Buchners 
had previously found that the cells of bacteria could bo disrupted 
by grinding with sand, and they extended their technique to yeast 
colls. Tlia maccmtcd product obtained in this manner contained 
much cell debrts and it was very difficult to separate liquid from it, 
so they modified the method by adding kiesciguhr, an inert and 
iwrous earth, to the yeast cells and sand. After grinding, a mass 
that liad the consistency of dough was obtainwl; this was wrapped 
m clotli and submitted to a pressure of about 1,500 pounds to the 
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stiunvc incK in n bycir!iiiIio press. An opslescent brownisU'jello^ 
juico was obtained whicli was free from yenst cells, and tlvis was us^ 
for a number of animal experiments. It was not altogetlier satiS' 
factory 1 for it soon putrefied. The nature of the cspcriments excluded 
the addition of the usual antiseptics, and so the Bachners decided 
to add sugar as a preservative. To their surprise, fermentation b^n 
immediately, the sugar being converted into alcohol in spite of the 
complete absence of living yeast cells. 

Pasteur’s tliesis was th us disproved- Put cl oser oonslderat i on shows 
that both Pasteur and Liebig were partly right and partly wrong. 
Fermentation could take pluca in the at^nce of living orgnnlsma, 
and it w'as chemical in nature but not in the way Liebig had thought. 
Certain ferments were produced by the living yeast and normally 
functioned inside tlie cell to cause the breakdown of the sugar which 
was serv'ing as a food for the yeast. Tiie nature of the yeast used 
in making active juice is rntiier important. Some strains, such as 
Munich ‘‘bottom” yeast (which rapidly settles to the bottom of fer¬ 
mentation vats) gives active juices, whereas others, including some 
Parisian and English “top” yeasts (which form a thick scum on the 
surface), give quite inactive juices. It i*s possible that Pasteur may 
liftve experiractiled with such a “top’* yeast and been unable to prepare 
any active extracts. A more fortunate selection might liave enabled 
him to anticipate the Buchners by more than 30 y^rs. 

Tlie production of tliis active juico meant that it was no longer 
necessory to consider the possibility of some mysterious vital for™ 
as being concerned in fermentation. The mystery should be explicable 
in purely chemical terms. The juice could be easily made in quantity, 
and an immciiee amount of work has since been done on its properties. 
Its activity was originally ascribctl to the presence of a fennent called 
itymase, but it is now known that tho break-down of sugar Into alcohol 
involves at least 15 separate and successive stngiK, and almost as many 
ferments or enzvmcs. The unraveling of the intricacies of alcoholic 
fermentation and tlie isolation of many of theinteimediato compounda 
and separate enzvmes are among the great triumphs of biochemistry. 
Ill 1925, Meverhof published a method for prepanng a ]uicc from 
muscle which would convert in a test lube glycogen (the animal analog 
of starch) into lactic acid, a change that is known to occur m living 
muscle and to provide tlie energy for contraction. This conversion 
also has been found to take place in about 15 stages, winch, cxropt 
for the initial and final ones, are identical with those m yeast. Tins 
is a good example of tlie essential unity of biochemistry, where bving 
organiflina of widely different character are found to involve Urn same 
biochemical process, with slight modifications to suit their particular 
needs. 
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Wlien evidence hag been obtained for tJie existence of some interest- 
ing new natural product, one of the first aims of the tt^nreb worker is 
to try and isolate it in the pure state. Stage by stage, inert matter is 
removed from the crude product, and the progress of purification can 
often be followed by observing an increase in a particular biological 
activity per unit weight If the worker is lucky, he may eventually 
obtain the pure material which shows a constant and maximum bio¬ 
logical activity, unchanged after going through the motions of a fur- 
tlier purification. The research worker is most liappy if his product 
turns out to be a crystalline sol id, as purification by rccry.stalli ration is 
often one of the easiest techniques, especially if it becomes necessary 
to Work on a small scale because of scarcity of mnterial. Crystals usu¬ 
ally have well-defined physical properties which are valuable criteria 
of purity. As soon as it was realized that biological material, such as 
yeast juice or gastric juice from the stomach, probably owed its activi¬ 
ties to the presence of specific enzymes, efforts were made to isolate 
these for precise examination. For many years, the final products ob- 
taiued were noncrystalline solids, and it was suspected that they were 
still impure, in spite of showing very high enzymatic activi^. These 
products consisted largely of protein material, and it has always been 
rather difficult to resolve mixtures that contain pioteins into pure com¬ 
ponents. However, so consistently was high enzymatic activity in 
these final products associated with protein material, that many work¬ 
ers believed that the CJUtymes were themselves proteinsL A German 
school, on the otlicr hand, hold that tlie enzyme was really a rclAtivelv 
simple cliemicai substance which was absorbed onto die protein mate¬ 
rial wliichactednsaninertcarrier. However, in 1 &2S, the first enzyme 
was obtained as crystals and found to be a pure protein. Tlie method 
used id tliia particular case was remarkably simple. There is au 
enzyme, urease, which breaks down ureii into animonin, water, and 
carbon dioxide^ This enzyme is fairly widespread in naturcf soya 
beans are quite a good source, but the best is the seeds of tlie jack bean 
{C'anavalia ensiformic}. The ground beans from which the fat has 
been extracted are available commercially as a source of urease, under 
the name of jack-bean meal. The American chemist Sumner ei- 
tnicted the meal with 31,G percent aqueous acetone and filtered the eo- 
tution in a cold room. After standing overnight, very small octahe¬ 
dral crystals separated out, which were about 730 times as active as the 
original meal in splitting urea. 

cnr.'?TALi,iN£: eneywks 

Since that time about aS other enzymes have been obtained in crya- 
talJine form by various workers, but usually only by more elaborate 
and more lengthy methods. Attempts to crystallize many other en- 
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zymes have not yet been successful, but this is not a serious han^tap ^ 
the biochemist, as he can obtain a great deal of information about the 
properties of an enzyme without having the pure material. A sol u- 
tioti or suspension containing a particular enayme can * 

quite readily from a suiUble source and us^ '".u'Taf Uffrrent 
Changes the enzyme can bring about,how tt is affected by ditont 
acidities, poisons, and so on. The biocheitnst has a wi e ^ 
biologSl material from which to select a convemen and 
of the particular enzyme wliieh intertsts him; typical esamp _ 
materials emploj^d are «d blood cells, meal worms, 
teria, pigeon breast muEcle, rat liver, beef 

All the emnines that have been obtained pure and crystalline haie 
p^perti^ of prolota, ood it would oppoor »oh pu„ 
enzyme is a quite definite chemical compound, a protein with charac 

SrLoouotuutproportloo. S.u,.«ou,mooh.v.opuroly p™«>u 

otrocture, but otliora Uovo, iu addition, somo mlatively siiopio umt of 
different nature built into the structure os an essential part. 

CO-EINKYMliS 

Other enzymes can function only if certain compounds, ^ 

enzymes, are^also present. If yeast juice, for example, is placed in a 
cellophane bag and washed in a current of water, tlie cenenzyma pa^ 
through the illophanc because it has a small molecu e 
away, while the large protein enzymes are left in the bag. ^ 
mil juice will be found to have lost its power to cause fermentation 
another sample of yeast juice is Imded, ^t if 

the two prepaiutions are mixed, then tlm combination shows biologica 
affain a» both eiiaynie and co-emyni« aiB present 
A shghtly different co-enzyme has been found m 

and in I0a5 both co^ymes were shown „ilv at tlie 

nicodnamide built into their structuivs. 

sdime time Elvehjem and Ills associates discovered tliat ni^tm 
amide was the vitamin present in diets that would prev^t ^ 
human pellagm. Thus a memorable Unh-up occurred 
of the major hues of biochemical study^f viUmina 
fn die 0^1 hand and of enzymology on dm 

cal mechanisms of enzyme systems by a siuay oi 

bj ,it«»in B.,®! amurin, wUiah prevails ben-ben. J" “™“*“ 
with phoapherie Kid this vitamin nets «a the co anyme fov an end. . 
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an flnzjDM which breaics down pyruvic acid. If this vitamin is 
deficient iti the diet, the oxidase cannot function and pyruvic acid 
accumulates in the ti^ues, a cbango which can be used in the clinical 
diagnosis of vitamin B, deficiency. If the vitamin is supplied in the 
diet, the pyruvic acid soon disappears. 

Several other vitamins have now been identified os parts of the 
structure of difierent co-enzymea or of the nonprotein part of en¬ 
zymes, but not all vitamins have yet been associated with specific 
enzyme ^sterns and it is probable that some may function in otliec 
ways, 

A LITTLE GOES A LONG U’AY 

A little enzyme goes a long way—for instance, one part of rennin 
is capable of clotting 10 million times its weight of milk—so that 
the absolute amounts of enzymes required for the smooth running 
of the body may be quite small, and only small amounts of vitamins 
will be required for building new en^mes and co-enzymes to make 
good the small but continuous loss through general wear and tear. 
Tlie body cannot make the vitamina itself and without them some 
enzyme systems cannot function. The requirements of vitamins are 
thus small but essential, and if not met, the machinery' of dm whole 
body may get disorganized and death may eventually take place. 

The substance that is transformed in die presence of an enzyme 
13 called the substrate. Some enzymes can bring about changes with 
a largo range of different but related compounds; some lipases, for 
example, will bring about the splitting of many different fats. Odier 
enzymes, such as urease, may be so selective that they will transform 
OJily a single kind of substrate. It is believed fJiat in general before 
an enzyme can bring about a reaction, a complex must first b© fomie^l 
between the enz^e and the substrate. This theory is hAsed largely 
Upon mathematical analysis of die shapes of reaction-time curves, 
but in a few cases, direct experimental evidence to support it has been 
obtained. The enzyme peroxidase brings about the oxidation of 
certain irampounds by hydrogen pcroiido. A sliarp change in color 

P®^^^*dase occurs when hydrogen peroxide ia added to it indicating 
the fomation of a csomplei; if a suitable substrate is now added, 
oxidation takes place, the hydrogen peroxide is used up, and tlio 
original color of the peroxidase reappeais. It ia generaUv accepted 
also that tliis combination with the substrate can only take*place at a 
siiecial point in the enzyme stnicture, called die active center. Suc¬ 
cessful formation of a complex may depend on the degree to wiiicli 
the shapes of the active center and substrate are complement a rv. 
Eiml Fischer used the analogy of a lock and key to ilhistrnte this 
point. Many substances exist in two forms whose molecular struc¬ 
tures are mirror imagra of each other (rather like a pair of gloves). 
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and in such cases H is nearly always fonnd that only one form will 
work with the enzyme. The two forms of lacdc acid are sliown in 
figutB 1, and the enzyme lactic dehydrogenase which remo^'cs two 
hydrogen atoms to convert lactic acid into pyruvic acid will fimc* 
fion with the naturally occurring form, but not witli tlie other, its 
mirror image. Tlie active center might be thought of as a hand and 
the lactic acid as a glove, when only one glove of the pair will fit the 
hand. 

When an enzyme reaction takes place, one may picture the sub* 
strnto oiolecule colliding with tlie active center, forming a complex, 
reaction occurring and tlie products then leaving the center which 
is then free for another cycle to take place. The enzyme molecule 
(if it has a single active center) can thus deal only with a single 
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FiqvRE I,—MoilElt of the it*® fornw of l»eik jcid. CHiCITtOH)COI>M, which »rc mifw 
tmagei. Th™ modeIi p*c the betc rcprtimtjtion tbai ii po«;We of the actual *hij« 
of moleculef. (From Otftath Ckttmjtry, by L. F, ■od M, Fieier.) 


molecule of substrate at a time, but the cycle may be repeated vety 
rapidly; a single molecule of catalase, for instance, can break up 
at least 5 million molecules of hydrogen peroxide in a minute. W^hen 
measurements am made of the speed of an enzyme reaction in the 
presence of increa-sing amounts of substrate, a curve of the type 
shown in figure a is usually obtained. This has tli© form of a 
tangular hyperbola. If there is ample substrate, the enzymio is work¬ 
ing full out all the time and increasing the concentration of substrate 
has little effect as at A. At low concentrations of sub^rate, as at 
11, the active centers are unoccupied for much of the time, and so 
increasing the amount of substrate lias a direct and proportional 
efl'ect on the speed, 

As an analogy, one might consider a crowd of footliall fans wait¬ 
ing to enter a football ground. The individual fans are the mole* 


S2--—IS 
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cules of tlie substrate, and the tumstilcs are the actiTe centers of the 
en 2 yme 'which transform fans into spectators one at a time. As long 
as there are enough people to keep the turnstiles going At full speed| 
die rate of diange of fans Into spectators will be constant and inde* 
(>eudent of the length of the queues; but if only a few people ap¬ 
proach, they 'will go in witliout wA) ting and the rate of conversion 
of fans will be directly proportional to the niunber arriving at the 
ground. One might eitend the analogy by comparing certain vita¬ 
mins to the oil necessary to lubricate the turnstile mechanism. If 
this is lacking, the turnstile will seize up nnd chaos result. 

The number of different enzymes already known is very large, and 
new ones are constantly being found. The tUscovety of penicillin 



COMCENTIATIOH Of ^nTUTf CA 
MUniER Of fANS ARHVIMG F£lL 
HMUTS AT TH£ atOUhlD. 


Ficviie 2.^R«laLianililp b«lnnECii rate of enzyraatic reaetba and tJie cubitrite concentre- 
two. A iitnilir ciirrc wDuld be olitiimed by p!i>um£ ihi rate oJ tbe "ibotball mcwd" 
peictioQ tad rttc of ;inival fani mentlonfid in ibc ictt- 


was follow^ed very quickly by the discovery of penicilliDiise^ the en¬ 
zyme ebich destroys iL 

Every species of plant and anlnml seems to po^ss its own set of 
enzymes which do not correspond exactly to similar enzymes present 
in other species^ so that the total number of individual enzymes may 
run into many milUons. Innumerable oompouncls occur naturally 
in plants aud animats and for each there must exist enzj^mes which 
can mate and briak it down. Enzymes enable living organisms 
to carry out a great variety of reactions in dilute aqueous solution 
at temperattires between freezing point and blood heat; there ia no 
need for extremes of acidity or alkalinity. Without using enzymes, 
the organic chemist can carry out only some of these changes, and then 
often lie may have to use higher temperatures, corrosive reagents 
and concentrated migents, and sometimes to exclude water completely. 
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THEnttlEM OP ENZYILB ACTION 

Id short, life as we Imow it could not exist without enzymes. 

Various theories have been proposed to try and explain how en¬ 
zymes can so modify chemical reactions tliat they will oMur under 
such mild conditions. The general idea of the most widely held 
theory is as follows; Suppose a molecule, say A-B, is too firmly 
bound together for breakage of the bond between A and B to occur 
easily, then if complex formation takes place with an enzyme, ^e 
forces holding the complex together may lead to a redistribution 
of forces within A-B such tliat the linkage is so weakened that 
fission can occur and A and B are formed. This idea is shown pio 
torialjy in figure 3, but it must not be taken too literally. 


The lubitnte moleciitfi apprwibci the actlvt? ccnier 
Ei£k the cmvtne lurfacei. 


An cniymc-*u,l>a'irate cpmpieii* if'the iihapei 

afld reactjvitief of the tiro paru ire favorable. 


The binding form lead lo the weakEnSng ol a tbem- 
leal band In die •ubatraie mckcidc* 


Fi«kHn Dccnns the two fri^entt leave ihe ac^ 
tire eentef which it free for anotba: ^ occuFi 

Tb* tragiiiEnta may be bjfihly ftaedre* and nuy com- 
bioE wItJi o-tho" lubitaricet’ 
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Anything that can inliihlt or Btop vital enzjmes from functioning 
imioothly in the organic may lead to its deatln The absence of 
certain vitamizia is one example already mentioned. Heat and ultra- 
iiolet light may produce irreversible changes in the protein mole- 
culej and if this protein is on enzyme, loss of activity riHuIts, 
A nuttier way in which an enzyme may be inhibited is by some oom- 
puund reacting chenikally with it or forming a stable complex at 
the active center, which is then blocked and cannot fulfill its normal 
role any longer* One fat man firmly wedged hi the turnstile might 
stop the “football crowd*^ reaction* 

Tlie highly poisonous imtnre of some compounds has been correlated 
wntli their ability to “knock out” certain important enzymes, so that 
only a small amount of such pobona may be necessary to produce ver^' 
seriotis effects en the well-being of the whole organism. One part of 
mercuric chloride in 200 million parts of solution will reduce by half 
the efficiency of the eiizjune oatalnse. Cyanide is very efficient at stop¬ 
ping the working of some of the enzymes concerned with ozddation 
while some of the highly toxic phosphorus insecticides are eaitreinely 
potent inhibitors of cholinesterases {enzymes that play an essential 
pari in the working of the nervous system of higher animals, and 
probably also of insects). 

The existence of antienzymes in living systems has been demon¬ 
strated. One of the best examples is shown by the round worm, 
jlflcori#, which lives in tho animal intestine and escapes being digested 
by tlie enzymes present by producing specific enzynios that neutralize 
the effect of specific digestive enzymes. However, if the womis are 
placed in dilute solutions of digestive enzymes from plants (such as 
Gcin from the latex of certain fig trees) ^ they are digested alive as they 
Jack specific inhibitors to these unfamiliar enzymes. 

An intriguing problem is why digi^tive enzymes do not attack and 
digest the glands producing theni, or the intestinal tract into which 
they are secreted. One reason may be that such enzymes are ustuilly 
secreted in an inactive form, and the active center is “imoovered” later. 
The pancreas secretes trypsinogen* which is inactive but is converted 
into active ^yt^sin in the intestines* The stomach secretes a mucilage 
that coats its walls and probably protects them from the action of 
the digestive juice. 

When biochemical processes arc e*xamined in detail, it is often found 
that a change, such as the femmntation of sugar or the oxidation of 
avetic acid to carbon dioxide and waters is not achieved by a single 
enzyme but by a whole battery of them- There may be a dozen or 
more stages, each brought about by a Hcparate enzyme. Tlie stihslrate 
has therefore to move from one enzyme to another, and at each stage 
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some modification in structure occurs. It is difficult to see hou- this 
could take place smoothly and efficiently in the cell if all the enzymes 
in a battery were scattered throughout the volume of a cell. One 
might susi)ect that they would be found to be arranp^d in an orderly 
sequence, like the machine tools along the production line of a factory, 
so tbut the materia] undergoing transformation can pass easily from 
one enzyme in tlie series to the nest. Keceut discoveries ha^a indi¬ 
cated that this may sometimes be the case. Various small granute 
called mitochondria exist in the cytoplasm of cells (the cytoplasm is 
the part of a cell outside the nucleus) and most of the enzymes con¬ 
cerned with oxidation apiiear to be concentrated in these granules, 
which may be thought of as the powerhouses of the cell, since the ptia- 
cipal purpose of osidetion la to release energ>% Kot a great deol is 
known yet about the structure of mitochondria, or how they are 
reproduced or of the arrangement of enzymes in them, Hamkulled 
together, as it were, the enzymes act ns a group and their collective 
hcliflvJor moy differ from the sum of that previously observed for the 
individual enzymes that the biochemist has obtained after destruction 

of the unit. Tlie stud v of enzymes began wi tli tlio living cell and then 

progresseil to tlie isokted enwme. The main aim of this pluiae, the 
classical period of enz^’me biochemistry, has been to separate an 
enzyme from all others that accompany it; the isolation of crystalline 
enzymes marks tlie triumph of this technique. This phase is so pro¬ 
ductive of results that it will be developed for a loi^time yet, but at 
die same time another a p proach is being fostered, fhe aim of this is 
not the sepaiution of enzj-mes from each other but the avoidant of 
this in order to obtain intact teams of enzymes and study tlie activity 

of the team. . , 

The activities of euKymes are not the concern merely of Uie aca¬ 
demic biochemist or the brewer, for enzymes arc involved m many 
aspects of everyday life. The housewife makes junkets by using 
rennet, a preparation containing rennin which converts ca^inogen, 
a soluble protein of milk, into casein, whose insoluble calmurn salts 
separate out as the curds. Tlie natiiml function of this enz^ 
(which occure naturally in the fourth stomach of the calf) is pro^ 
ably to delay the emptying of the stomach by converting hqui 

milk into a j'ellyliko mass. ... j *i 

Meat is hung to make it tender, as animal ^ssues after death und - 
go self-digestion owing to tlie presence of enzymes which partly 
degrade some of the structural material of the tissues. ^ 

inlets added by millers to flour as “'“Priive^-and " 
bleach it, inhibit the proteinoses of tUe wheat whi^, ^ ’ 

would alter the proteins present in the flour and give rise 
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salts factory bread. The rising of dough is due to the action of en¬ 
zymes in the flour and added yeast; these cause brcak^doirn of starch 
into sugars which the yeast ferments to produce carbon dioside^ the 
gas which makes the dough rise, as well ns a little alcohol, some or¬ 
ganic acids and materials with pleasing flavors. It is enzymes rba r 
make apples and potatoes go brown after cutting, a change due to 
the enzymatic oxidation in air of certain colorless compounds pres¬ 
ent to form pigmented substances. Many industrial processes are 
based on enzymatic action; usually living organisms such ns yeast, 
molds or fungi, are used, as, for example, in the manufacture of 
malt vinegar, penicillin, citric acid, and so on; a discussion of th^ 
is rather outside the scope of the present article. 

Two examples can, however, be mentioned of industrial processes 
(hat use special enzyme preparations, ns opposed to living organisms. 
When fruit juices are being manufactured, pectins, winch form a 
part of the structure of plant cells, may seimrate out from solution 
os gelatinous precipitates and make filtration difQcult or spoil the 
appearance of the product. (If pectins aro present in suflicient 
amount, a fairly rigid jelly may result, os in successful jam making.) 
Clarification of fruit-juice drinks is now achieved usually by adding 
pcctinases, enzymes that degrade pectins to soluble products. The 
enzyme pre^uiiiitiona used are made from certain molds grown for 
the purpose. At one stage in leather manufacture, it is necessary to 
remove degraded products of hair, glands, and certain tissue proteins 
from the hides. This used to be a secret process that involved soak¬ 
ing the hides in a warm suspension of dog dung, llie samo result 
is now achieved more pleasantly by using enzymes prepared from 
large-scale cultures of suitable strains of bacteria. 

Human life begins with an enzymatic reaction. Spermatozoa lib¬ 
erate hyaluronidase, an enzyme that attacks the envelope around the 
egg and allows a single spermatozoon to enter and fertilize it. En¬ 
zymes keep the flame of life burning until death, when enzymatic 
decomposition returns the building material to die great store from 
which fresh life can draw its raw* materials to be assimilated and re¬ 
built into new life forms. 

The living cell may be pictured as a remarkable factory, w'hich not 
only makes a vast range of different products simultaneously, but 
also builds its own extensions, does its own repairs and makes its own 
machine tools. Changes in the nature of the raw materials available 
or sudden demands for material for new tissue building do not 
change the smootli-running efficiency of this factory. An elaborate 
control ^tem nmst be operating that regulates the speed at which 
the different machine tools are working and thus which departments 
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must speed up production, and which slow it down. The chemical 
regulators of the body are its hormone, and these must almost cer¬ 
tainly act by controlling key enayroe reactions. The Qrst indications 
that this may be so have been obtained, and it may well be that the 
major development in biochemistry during the nest half century 
wiD be a greater understanding of the mechanism of hormone action 
in terms of enzyme reactions. Mucli has been achieved in enzymol* 
ogy, but very much yet i^emains to be done. It would be an over¬ 
confident biochemist who would consider himself worthy of tlm 
kilogram of gold. 
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The Fauna of America^ 


By Austin H- Clark 
in Zoclogy, U. 5- NatlQTud Mmeam 


iwith a pliites] 

Eueofeaxs seeing North America for the first time when the forests 
were untouched aud game was plentiful found many types of animals 
familiar to them m Europe^ togctlier with others wholly new and 
strange* In the South, and especially the Southwest, they saw fewer 
familiar creatures and many more unfamiliar ones. To the early 
Spanish and Portuguese explorers and conqulElador^ South America 
was a wonderland in eTety way. The wealth of silver and gold in tim 
western mountains was matched by the Incredible wealth of strange 
mammals, queer hshes, and unusual and brilliantly coloi'cd birds and 
butterflies. Sloths, armadillos, anleaters, opossums, tapirs, hum^ 
mingbirds, toucans, the giant condor, macaw's, tJ>e large vivid blue 
morpho butterflies, the domesticated llama, alpaca, guinea pig^ and 
Muscovy duck, and many other types wrere wholly different from any¬ 
thing they had seen in Europe or in Africa. 

GEOLOCtICAL HI8T0RV OF AMERICA 

The characteristic features of the American f»una can be under¬ 
stood and appreciated only in the light of its geological and geographi¬ 
cal backgrounds Many millions of years ago in Cretaceous time North 
America was broadly connected witli northeastern Asia, and m the 
south it WHS joined througli Cteutral America with northwestern South 
America. A narrow sea eKtendiid from the region of the lilackenzie 
River Delta in the north to the Gulf of Mexico in the south, eoYcring 
Yucatiin, most of tho Gulf States, southern Georgia, northern Florida, 
and the Coastal Plain as far as Cape Cod. Early in the Eocene tho 
connection witli Soutli America was interrupted, and the sea connect¬ 
ing the Gulf of Mexico with the Arctic Ocean disappeared. In the 
Miocene, North Ajnerica became separated from Asia. Later, in the 
Pliocene, tho connection with Soutli America was reestablislie^L In 
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the late Pliocene conditions were essentially as they are today, but 
Newfoundland was still united with North Angelica and moat of 
Florida w aa snbmerj^ed. In tlie Pleistocene, Alaska was again broadly 
connected with Asia^ and Newfoundland became separated from the 
mainland. 

In spite of relatively minor changes in the relation of sea and land, 
North America has always been essentially an integral part of the 
great permanent land mass of the Nortliern Hemisphere, the nursery 
of the world's land fauna from which at various times in I he past 
the different atiimfil types spread southward. There is no geological 
evidence of any fundnnieutal changes in the relation between tlie 
oceans and the land masses. 

A glance at a physical map of the Americas ehow^ that from Guate¬ 
mala to northern ’l^'enczuelaj including the Weiit Indies, the general 
trend of the highlands is east nod west in marked contrast to the moun- 
tains of North and Sontli Amcricai which run approsimately north 
and south. Judged solely on the basis of the Recetit fauna, Central 
America may be defined as tlio region from the southern end of the 
Mexican Plateau to northeni VenoKuek, including the West Indies. 
But there is no geological or paleontological evidenee that Central 
AmcricH wris ever a gc<»grftphical ciitit}' apart from tropical America 
as a whole. The concept of a hypothetical Ant ill a including the 
Central or Middle American area which, in one form or another, has 
been widely used to explain the differentiation and distribution of 
animal Hfe in this region lias no foundation in fact. Islands now 
separate were joined with each other, or w’ith the mainland, hut there 
w^as never a large and continuous land mass in the region Ijetween 
North and South America. 

From the uniqueness of its fauna, it Is evident that South America 
WEIS for a long time wholly or in part isolated from the rest of the 
w'orld, and this isolation is emphasised especially by the abimdance 
in the past of large arid bi^^arre mammals now Imown only as fossils. 
It is generally agreed that the eastern highlands of tlie Guianas and 
Braril liave been above the sea since the Trias, and that at some time 
or other in the Tertiary there was an oceanic intereonnectiou along the 
Amazon Valley, or a long gulf extending inward from the Atlantic 
or Pacific, probably the Tatter. It is believed that Chile and the Fata- 
gonian Andes, which are quite distinct from the more northern Andes, 
have been land since very early times, and most students agree that 
Bouthern South America was joined through Antarctica with New 
Zealand and Australia, at least until the Cretaceous. In the early 
Eocene, South America was cut off from North America. Bt?twcen the 
lato Eocene and the Pliocene there were various islands between the 
tw'o. In the late Pliocene they were ngain joined, and a considerable 
interchange of faunas followed. 
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GEOliOGF AND ZOOLOGY 

These geological cliangee ivere accompanied by more or less esteri' 
sive changes in climate orer the areas affected. Most important of 
these changes were the climatic variations in Korth America, Before 
and during the Tertiniy a targe part of North America was subtrop¬ 
ical or tropical, and tlie sontliem part remained tropical until at 
least the late Tertiary, This gradual change from a subtropical and 
tropical to a temperate climate had tlie effect of restricting to the soutli, 
or eliminating completely, many of the elements in the original North 
American fauna, a number of which arc now found only in tropical 
America, With the geographical and climatic changes, various major 
and minor centers of evolution appeared throughout the Americas, giv¬ 
ing rise to mom or less distinctive t^'pes which spread to other areas, 
became progressively restricted in their distribution, or disappeared. 

TJie geological history of the different vertebrate groups must be 
considered in connection with their present distribution. First to 
appear were the fishes, known from the Ordovician; amphibians are 
first found in the Upper Devonian, reptiles in the Pennsylvanian, 
and mammals probably in the Upper Triassic„ The first known birds 
arc from the Jurassic. Although the genetic rate of evolution may 
be independent of environment, an important factor in the evolution 
of animal types is the relative stability or instability of the habitat 
and its effect on natural selection. Tlio basic ecology of the several 
vertebrate groups varies to a greater or lesser degree, though there 
is much overlapping, particularly in specilRlzcd forms. Aquatic 
habitats are the least variable, and so the fresh-water fishes, especially 
in the Tropics, have the most generaliKcd distribution with the nearest 
approach to their distribution in the far-distant past. Tlie distribu¬ 
tion of the amphibians is, in general, parallel with that of the fishes. 
As a result of the great variability of terrestrial conditions—diurnal 
and seasonal—at different times in the past, the distribution of the 
reptiles and especially of the mammals reflects present conditions 
mudi more closely than docs that of the aquatic and amphibious 
groups. In the reptilra, birds, and niamnials those types that feed 
entirely, or almost entirely, in water arc in general more widely and 
generally distributed than those that are entirely terrestrial. 

Worthy of special mention in the pi-csent fauna of America arc such 
very ancient types as the ganoid fishes of Nortli America, (he longfiahes 
and osteoglosrids of South America, various froga of South America, 
and the ribbed or tailed frog {.IscapAtr*) of our ?forrhwe.st related 
to LiopelroA of New Zealand, and among inverteUmtea the onycho- 
phorcB {Perlpatm and its relatives) of Central and South America 
and the West Indies. In North America tlio paddlefish {Polyodvfi) 
and the alligator, each witb a single relative in China; the hellbender 
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{Ctyptohranchua) related to the giant salani&nder of Japan; Ihu 
shovel-tiosed sturgeon {ScitphiThynchuh!) ^ith relatives in central 
Asia; and the mud puppies {Plecturua) and mud minnows {Umhra) 
with relativ<» in southeastern Europe are localized remnants of types 
that in the distant past were widely and gienerfilly distributed. 

As examples of an animal type abundant and widespread but 
now greatly reduced in mnge and numbera, the camels may be men¬ 
tioned. Camels originated in western North iVmerica where they 
were formerly abundant and diversihed. From this center they 
spread to South America and ^iVsia. They have now disappeared 
except for four forms in South America and tw*o in Asia, one of 
which has been Introduced into Africa, Two of the South Ameritum 
species and both the Asiatic are known only as domesticated animals. 

PltBSEXT-DAT GEOaRArlTT 

111 Alaska tlie Arctic barrens of Asia are csontinued and range 
eastward to Unguvo and Labrador, increasing in extent eastward, 
beyond tlie mouth of the Mackenzie Eiver, and reuching Churchill 
on tlie western shore of Hudson Bay and nearly to James Bay on the 
southeastern shore. The mountains of Alaska run east and west 
continuing those of nortiicastern Asia (the Anadyr and Kolyma 
ranges), but in southeastern Alaska and Yukon they turn southeast¬ 
ward, maintaining the same direction to tlie Guatemalan highlands. 
The eastern higtilaiids of North jkmerica run from the Gulf of St, 
Lawrence to northern Georgia in a soutliwesterly direction. In the 
western mountains arctic, or at least boreal, conditions occur at 
increasingly high altitudes to southern California, Arizona, and New 
Mexico. In the east less extreme but still noilhern conditions range 
soutliward in llie mountains to iiortheastcrn Georgia. 

From the Arctic Ocean to the Gulf of Mexico the central part of 
North America is low with no natural barriere, so the grasslands, and 
in the west the deserts, extend frem Mexico and the Gulf far north- 
ward into Canada. This absence of barrieis facilitates tlie northern 
or southern extension of the ranges of animals so that the distribu¬ 
tional picture over most of the area in certain respects suggests that of 
Africa or Australia ratJier than that of Europe or Asia, Except for 
the Rio Grande, the rivere and lakes of North America are all cold, or 
at least cool. Nearly all are nortliern. Tlie Afississippi Kirer with its 
tributaries drain an area tlmt is cool to very cold in winter so that its 
waters are not suitable for the types of fishes Inhabiting the warm low¬ 
land rivers of southern jVsia or the fresh wntcre of Africa or South 
America, 

Continental Central America is remarkable for the diversity of its 
physical conditions. The land includes esteneive low areas near sea 
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level uDd dirersified highlaDds up 14^000 feet in Quatenmla. Arid 
regions with cactus into deiL^ tropical forests, and these into 

pine forests. The ialaiids also are greatly diversified. Some, like the 
BaliamaSf Antigua, and Barbados, are low and Oat, chief ly of coral 
formation, but most of the others consist largely or mainly of heavily 
forested mountains rising to 9,000 feet in Haiti and more than 7,000 
feet in Jamaica. 

Most of South America ia low. The great chain of the Andes, with an 
average height of 11,000 to 12,000 feet, runs close to the western border 
with an eastward spur along the Caribbean coast. The Guiana liigh- 
lands separate most of the Orinoco Valley ftom that of the Amazon, 
and in eastern Braaiil are tlie e^aisJve Brazilian highlands. The 
loAvland? vary from dry and partly barren through areas covered with 
rank herbage, permanently or seasonally, to the dense forests of the 
Aniozon Valley, espeeialiy the western half. These forests are unique 
in being canopy forests consisting of vast masses of vegetation tied 
togctlior with vines and supported by tree trunks, with spars?* under* 
growth, in many areas lloo<Iod during the rainy Beoson. 

FAUNA OF NORTH AMERICA 

In the treeless high Arctic zone, the southern limits of wjiich nrei 
sometiines north and sometimes south of the Arctic Circle, the animals 
of North America are almost wholly circumpolar, as the caribou (rein¬ 
deer), polar bear, Arctic wolf, foi, hare, lenimings, and weasels. 
Most characteristic of the mammals of the American Arctic is the 
musk DXj now extinct in the Old World, living in the far noilh from 
east of the MackenK^ie Kiver to northern Greenland. Of the 65 genera 
of birds fiO are circumpolar, including the ptarmigan, gyrfalcon, snowy 
owl, snow bunting, and many others. Fresh-water fishes are few — 
only some trout; the tlvrce^spined stickleback; and the Alaska black- 
fish (Dallia} of Alaska and Siberia, which is fiozen in the ice for a 
cousideriible part of each year. There are no reptiles or amphibians. 
The insects are mostly circumpolar, and as in all regions where con¬ 
ditions are unfavorable for animal life, the DJptern, or twO'winged 
flies, pmlominate. Biting flies, especially mosquitoes and black flies 
j are e^cially abundant. The butterflies are all familiar 
Old World types, 

Failher south in the region of the forests there is n marked increase 
in animal life. Distincdvely American tyfies now appear, there is a 
considerable difference between and west, and in the western 
mountains there is a continuation into America of Old W orld mountain 
or alpi ne forms. 01 d World an iinals of gen eral distribu tion are repre¬ 
sented by the moose, caribou, wolf, foxess, bears, lynxes, wolverines, 
martens, wea-sels, otters, the varying hare, squirrels, and other rodents. 
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and direwa, and hy the widespread swallowtail butterflj PapHia 
machai^n. In the western mountains there arc wild sheeps tlie mountain 
goat, bear^, and the conspieuoiis large w^hito butterfly Parnassius. 
Among American t3''pes are the puma, raccoonj skunks, tree porcupines^ 
American squirrels and otlier rodents, and the American (Virginia) 
type of deer, and, among strictly North AmeHcan animals^ the coyote. 

Among tlie birds of Old World ufknities there are in the boreal 
regionj of general distribution, many ducks, lemons, the golden eagle, 
raven^ crovv^ Canada jay^ hawk-owl, sevei*al ha^vks and falcons, eroas- 
bills, nuthatches^ tlie magpie^ the Bohetuian waxwdng, and various 
smaller species. Among the birds confined t4> the far northwest, in 
Alaska^ Cassin's bulifinch| the red-spotted blucthroatj yellow wagtail, 
and willow wnrbler migrate south in winter through Asia, not tlirougli 
America. 

Distinctively American types of general distribution are the 
Canada goose and its vnricties, snow geessj the blue goose, ruddy and 
other ducksj the little brown crane, several owls, tlic bald eagle, and 
many small birds* Confined to the west are tlie emperor goose, black 
biisnt, bristle-tbighed curlew, wandering tatler, surfbird, and many 
small birds. In the central part of the continent are the whooping 
crane, Wilson’s phalarope, and some other species. Special mention 
must be made of two large families of birds peculiar to America that 
reach the boreal region, the American warblers (Parulidae), many of 
which breed in the northern forests, and the hummingbirds {Trochil- 
idae), of which one, the rufous hummingbird, reaches Alaska, and 
another, the ruby-throated hummingbird, is found from Saskatche¬ 
wan to Cape Breton and southward. Many of these strictly American 
birds breed far to the northwaid, but all migrate south in winter. 

On Newfoundland many of the aniniuls differ more or less widelv 
from tliose on iho continent, and some of the characteristic continental 
types, such os the moose, elk, and many smsller species* are lacking, 
A number of animals on the Labrador peninsula differ from their 
relatives west of Hudeon Bay or farther south. 

Frogs and toads are represented from Alaska to Hudson Bay, A 
few snakes, turtles (including the soft-shelled turtle), and salaman¬ 
ders reach the boreal region in southern Canada. Fishes arc abun¬ 
dant, though not very diversifitMl, with a number of Old World types 
such as trout, grayling wldtefish (Coregonu^)^ and pike 

(Esox)j and some American such as the block bass {Micropteru^)j 
darters (Etheostomidac)i and suckers (Catostomidae). In the 
streams of the north Atlantic coast, liv^ the Atlantic salmon, now 
becoming rare, and in those of the Pacific coast {and of eastern A^ia 
as well) occur the five species of l^acifie salmon {0^icharhgnchm) j 
which, in contrast to the Atiautic salmon, breed only once and die. 
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The insects have increased greatly in variety, liuny are from 
the Old World, but many are typically American, particularly toward 
the south. These last include two types of swallowtail butterdics of 
strictly Korlli American groups, PapiVio glawcwi and its relatives, and 
F, troUtii. ^ ■ 

South of southeastern Ciiiuvda, the Great Lakes region, and Xew 
England moTiy additional animal types appar. With Old World 
adinitjes are the pikas and badgers in the west and the generally 
distributed nioks; strictly Americiin are the opossum and various 
small hares in the east, the largo jack rabbilSj priiiria dop, ground 
squirrels, kangaroo rats, and other rodents in tlto west. Strictly North 
American are the pronghorn {AntUocapta) of the Western Plains, 
the gray fox {ljTocy&n)y and in the northwestern United States the 
sewellol StiU farther soutlv are the generally dis¬ 

tributed spotted ^unks, and in the Southwest the tropical armadillo, 
peccary, jaguar, ocelot, and cacomixl (Aissuj'jAcwir), in addition to 
most of the tj-pes found farther north. 

Among tile bhtls u. number of northern kinds range down to Georgia 
in tlie mountains in the east and to ilexioo in the west, and some in the 
lowlands to Florida and tlie Gulf, llany otlier bird types appear, 
chiefly in the lowlands, such as various rails, the white irelicau (in 
tho west), egrets, herons, doves and pigeons, burrowing owls, pileated 
and other woodpeckers, cuckoos, including tho western road runner 
{Geococcyx)^ numerous wrens, the cardinal, towliee, giiosbeaks, Uie 
indigobird and otlicr finchea, some brillianily colored, swifts, whip¬ 
poorwills and otlier goatsuckers, and esi^eclally representatives of the 
exclusively American families Odontopboridne (American quails), 
Sleleagrididae (turkeys), Cathartidae (American vultures, including 
the giant California condor), icteridne (^Viiierican orioj^cs and black¬ 
birds and tho meadowlarks, bobolink, and parasitic cowbirH^), 
Thraupidac (taniigere), Virconidae (vireos), MimidaB (mockingbird, 
thrashers, and catbird), and Tyrannidao (American kingbirds and 
flycatclicra). Farther south are additional types—tho wood ibU 
{MycterUi), tlie only American stork, anakebird (AnAin^a), brown 
lielkan, more finches; in the west several Inmimiugbirds; and the 
American family Aramidae (wood mils or courlans). In the extreme 
south are a few tropical types such as the white ibis, roseate spoonbill, 
carecai-tts, kites, and some tropical terns. 

Toward the south the reptiles increase rapidly in number, first the 
snakes and the turtles, later the lizards, the last esi)ecittlly in the west. 
The reptiles are quite different from those of Euro^ and northern 
Asia and largely different from those of South America. Most note¬ 
worthy are the snapping turtles, the common snapper readiing 75 
pounds and tlie more southern alligator snapper IDO pounds; the rattle* 
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one of which, the southern dianiondbaok, reaches more then 8 
feet in length; tlio coral snakes of the south; and the iguatioid liaards, 
including the ciirioubly flat and broad horned toads, which squirt a 
drop of blood from nbos'e the eye when alarmed. In the soutlicest 
lives tlie alUgiitor, and in the extreme south the American crocodile^ 
Amphibians, especially frogs, tree frogs, toads, and in tlie moun¬ 
tains salamanders, become abundant. Worthy of mention are the bull 
frog, 6 inches long; among tlie salamanders in the east the hellbender, 
2 feet long; several mud puppies, also up to 2 feet long; the congo 
snakes (AmpAiuma) with rudimentary legs, up to 3 feet long; and the 
mud eels (jSiVen) with no bind legs, also 3 feet long. North America 
is the richest part of the world in salamanders, as South America is 
in frogs. 

Fishes arc very numerous, largely of endemic types such ns the nest- 
building Centmrehidae, Uxe gars {Lepidosteiis)^ and the bowdn 
(Amta). Especially interesting are the cave fislies (Amblyopsidae), 
of which four genera with seven blind and colorless simcies occur in 
the subterranean ivaters in the eastern Ixalf of the Missis)ppi Valley, 
and one genu.s with two normally colored species with fully deyeIope<l 
eyes inhabits the coastal swsmps from Virginia to Georgia. These are 
evidently the remnunts of a once numerous and widespread group. 
The North American catKshes ^Ameiuridae) and the suckers (Cato- 
stomidae) are almost wholly North American, but both families have 
a representative or two in eastern Asia, 

Insects are exceedingly numerous and dlvei'sidcd; many are of 
tropical American types, though some ate endemic, Tlxere are about 
700 different kinds of butterflies, many of which are large and hand¬ 
some, One small butterfly {Fenisem) witli African and Asiatic rel¬ 
atives is carnivorous in the early stages. Of other invertebiates, the 
fresh-water mussels (Unionidue) are more numerous and diversified 
in North America than elsewhere. 

PAUK,i OF CENTRAi AlfEItlCA 

Tha fauna of tlte mainland of Central America is predominantly 
South American with an ndiuixture of North American types, espe¬ 
cially in the liighlands, and a few AntiUcai forms. It reflects the 
diversity of the geographical features, and minor local variants of 
both South and North American animals arc abundant The fauntx 
of the West Indies is scanty and is composed of types at present largely 
unrepresented, or but poorly represented, on the mainland. 

Among the mammals of Central America are two si>ccies of tapirs 
that arc quite distinct from all other living tapirs though related to 
fossils found in Nortli America, one ranging from Panama to Alcsico, 
the other found in Guatemala, Nicaragua, and Costa Ric.a, Spider 
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tiiu)ik«ys range north to ilexiix*, hoAvlei's to GuEitcinahif und several 
other types, including wuirmosets, to Costa Kk-a. Slotlis range north 
to llexico. Otliei* tnarnmiib now characterisitlc of South America are 
the jaguaFj ocelot and other cats, pecenry, armadillo, coati, kinkajou, 
preliensile-tailed porcupine, agouti and numerous other rodents, and 
many bats, Lncluding the sniall blood*feeding vampires. Of very 
wide distribution are the puma and otter, Manmiak of northern af* 
6allies, chiefly in ifexieo, are the wolf^ coyote, deer, raccoon, badger, 
hare, squirrel, cacomtxl, pouched rat {gopher or qiiachil) and some 
other roilentSn, and insectivores. 

Among the interesting fossil iimmmala of the West Indies are a 
ground sloth as large os a sniEall bear, from Cuba, and 

a very large rodent of the samesir^e {AmM^rhisa} from the very small 
islands of Anguilla and St. Martins. These indicate a connection at 
some time with continental Central or South America. There are 
no fo9^3U mammals known from the West Indies of greater age than 
the Pleistocene. Most interesting of the Jiving [naininalsr of the West 
Indies are the two species of Solewda^n^ one on Cuba and one on 
Haiti, These are large insectivores with the body nbouL a foot long 
with fossil relatives in the Oligocene of North America and living 
relatives chiefly in ^ladagascar, with a few in west Africa. 

Confined to the Greater Antilles are the large rat like inammals 
called hutias. The genus Phigiodi^nlm lives only on Haiti, Species 
of Caprmn^i with short tails are found in the Bahamas, on Jamaica, 
and on Swan Island north of Honduras. Three specii^ with long 
tails live on Cuba* A related but distinct type (Procapmm^a) is 
said to occur in the mountaiTis of nortl i ern Vene^nel a. Eaccoom$ occu r, 
or did occur until recently, on New Providetice, Bahamas, Guadeiotq>e, 
and Barbadoe* The rice rat of Jamaica {Orisomjfs) is an island ixsp^ 
resentative of one on the Honduras Peninsula. Of the 31 genera of 
bats livhig in tJie West Indies no less than 10 are peculiar to the i^nnds, 
7 cohlined to the Greater Antilles, including the Bidiamast, and 3 of 
general distribution* 

V'ery distinct from the fauna of the Greater Antilles with its Central 
and North American affinities is that of the Lesser j^ntilles, related 
most closely to that of South America. The fauna of Trinidad is that 
of adjacent- Venezuela. Tlie fauna of Tobago resembles that of Trini¬ 
dad and includes a jicccaryj 0{M>ssuTn, mouse opossaiin 
small armadillo, paca^ agouti, squirrel, spiny rnh and muskrat (Sfega- 
lamys)* On Grenada, the simthernmost of the Ijesscr Antill^ prop¬ 
erly speaking, there is only the opossum (extensively introduced into 
the northern islands), mouse opossum (which ranges into the Giena- 
dines), agouti^ and the small armadillo. There is an introduced 
African monkey on Grenada, and another African species on Barbados 
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and St. Kitts. Agoutis occur, or did until recently, on practically 
all the islands as far as St Thomas. Musk rate (SfegaliMiijfi) are 
foimd only on Tobago, St. Lucia, and Martinique, with a fossil species 
on Barbados. Tiie rice rat in tlie Lesser Antilles is relatwl to one in 
adjacent South America. Tbere is a spiny nit {Loncher^Ji} on Marli- 
niquo. Manatees, once common in suitable localities along the coasts 
and about the larger islands, including Guadelouin*, are now rare. 
The West Indian seal, a close relative of tlia Mediterranean seal, for¬ 
merly conunou and widely distribut«l, is now found only on some small 
islands off Vucatun. Many West Indian mammals have wholly dis¬ 
appeared since the settlement of the islaiuls by Eui'oitienns. 

Tlie birds of Central America are very numerous. Nearly all ate 
of types now found in South Amuric.'i, but there is an extraordinary 
number of endemic genera in almost all groups, DSi)ccinlIy in the bum- 
mingbixils, bncUcs, and llycntchers. The tjcsHoiown bird confined 
to Central America and found chiefly in Costa Rico is llie quetzal, 
the most magjxiriceiit of all the colorful tiogons. There is a market! 
iioual distribution in Centml America and, cluefly at the higher alti¬ 
tudes, several North American birds occur, such as evening grosbeaks, 
croasbilla^ goldfinches, and otliers. Very many North .\raeriean species 
pass the winter in Central America and the West Indies and farther 
south. 

In the West Indies there arc 32 genera of birds confined to the 
Greater Antilles and 8 to the IjC-sscr. Two distinct families arc wholly 
West Indian, the palm diats (Dulidae) of Haiti and tUa to<lies ^Todi- 
dae) of Cuba, Isle of Pines, .Jamaica, Puerto Rico, and Haiti. Zonal 
distribution is found only on Haiti where tbo white-winged crossbill, 
Andean sparrow, and Antillean goldfinch occur at the higher alf Undo. 
Some characteristic West Indian birds live on the islands off the Yuca- 
t/in coast, on Curasao, Aruba, and Bonaire, and on Tobago. Among 
the moie interesting IV est Indian birds are Princess J lelcn's humming¬ 
bird of Cuba, smallest of all birds, S% inches in total length; two 
genera of Lesser Antillean hummingbirds (KuhTupis ami 
in which both seses arc similarly colored and wpialiy brilliant; a co- 
tinga on Jamaica; endemic tjqies of trogons on Cuba and Haiti; wjul 
veiy distinctive large parrots on St. Vincent and Dominica; other 
parrots live on St. Lucia, Dominica, and in the Greater Antilles. In 
former tim^ distinctive mneawa oocurreil on Cuba, .Jamaica, Guade¬ 
loupe, Dominica, and Martinique, and probably on Haiti, In addition 
to these, other W'cst Indian birds have disappeared since the coming 
of Europeans, 

The reptiles of Central Anicrica and the West Indies are numerous. 
The turtles are ail Nortli AmeTican, The family Dermatemydidae, 
now confined to Guatemala and adjacent ureas, ia found as u foswil in 
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Nortlt America. Snapping turtles occur in Mexico, Guiitoniult^ ond 
Ecuiiilor, The largo crocwiile found in the extreme soutli of North 
America lives on the Central American coast and about tlie larger West 
Indian islands, and there is a small one in Cuba and another in Central 
America where, caimans also occur in the rivers. Liza ids arc numer¬ 
ous and diversified with a number of local genera, especially in the 
Greater Antilles. Jlost of them belong to the family Igiianidae. 
Some of the herbivorous iguanas reach a length of 5 feet or morfc 
Snakes are numerous and diversified, with a number of endemic types. 
The very poisonous fer-de-laiiec is found on Martinique and St. Lucia. 
lAirgest of the Central American snnkc.s is the boa constrictor, up to 
12 feet long, Uiough seldom more than 7 feet Frogs are numerous 
and varied with several endemic types. Salamanders are found in 
Central America and one lives on Haiti. Thera ara no coeeiliaiia. 

The fishes of Central Americ.a ara mainly South American, but 
several characteristic South Aineilciin types ara absent. Trout range 
south to Durango, A[exic<i, and a fmv other North American fishes 
extend to Glut tern ala. Among llie more interesting fishes are three 
ganoids, the North Atnerican LejndosUm mseas in northeastern 
Mexico, tfoptcu^ ranging from Mexico to Panamn, and It. triatoe- 
chusi tlic great alligator gar, found in l&fexico and Cuba ns well ns in 
tlio southern Uniteil States. O f the more t hau 100 s[)ecics of Cidil idno 
17 are conliiied to Lakes Nicaragua and Managua, 6 to Cuba, and 1 to 
Barbados. In Luko Nicaragua there ara a slinrk and a sawfish {Pria- 
tis). In the caves of Cuba (here are two blindfishes be¬ 

longing to a family (Brotulidae) chiefly represented in the oceanic 
abysses. 

Land snails ara extremely varied, and their abiindanco is one of the 
main features of tho West Indian fauna. Many endemic tyi>cs occur, 
especially in the Greater Antilles. Those of Cuba are unoxrollcd for 
variety and beauty. 

The verj- numerous butterflies ara mostly South American with some 
familiar iiottbem types, especially in the Central American highlands. 
There are several endemic genera, some confined to tlie Greater .iViitil- 
les. One genus of curious laige butterflies (Anc^m) is confined to 
Haiti, Cuba, and Central America. 

The Onycliophora arc well represented, with four genera and seven 
st>ccics in Panama. One genus {Paripatm) occurs on almost every 
island from St. Vincent and Barbados to the Virgin Islands, Puerto 
Rico, Haiti, and Jamaica, and also in northern Venezuela, Panama, 
and Costa Rica. Plicatoperipafv* is confined to Jama ica. The South 
and Central American genus Epipenpatua liv^ on Trinidad, Tobago, 
and Grenada] and Macroperipatua^ wliicli ranges north to Veracruz, 
Mexico, is raprcsciilcd on Trinidad and Haiti. The Andean Otopeii- 
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palu9 occurs st Panama find ranges nortliward to Tepic^ Meaico^ 
There are no Onychophora on Cuba. These curious wormi ike animals 
belong to a very ancient group known as fossils in the Middle Cam¬ 
brian of British Columbia. 

TBH FAUNA OF SOUTS ASIFRICA 

The fauna of Soutli America reflects its very early connection with 
Xorth Amenca, its Inter long isoiation during which many strange 
endemic types develoi>ed, now largely extinct, and its reunion witli 
Xorth America in the Pliocene, permitting the introduction of North 
American ty[)es of relatively recent origin. In the south it retains 
many animal types, especially in the fresh-water fishes and inverte¬ 
brates, that are relics of a very old connection with New Zealand and 
Australia and arc quite different from any found farther north. 

The fauna of South America has essentially the appearance of the 
fauna of a large tropical island, the long isolation of which resulted 
in the development from generalized stock of a large number of en¬ 
demic types, merged with the fauna of a soutliem land mass including 
New Zealand and Australia, with an intrusion of animal forms that 
have arrived from North America since the Pliocene, In spite of very 
marked atlinities with Africa seen in tile aquatic and amphibious ani¬ 
mals eaijccinlly, llienfl is no nece^ty for assuming a direct union with 
Africa at any time, though there ma3'' liave. been such n union. The 
similarity to Africa is most probably due to the conservation of ancient 
types once generally distributed which in the northern land masses 
have been superseded by others better suited to present conditions that 
have been prevented by certain barriers from reaching the southern 
continents. Also it is probable that in Africa and specially South 
America climatic and meteorological changes have been less extreme, 
particularly in the fresh waters, than in the great land masses of the 
north, which would favor the [Uirsisteuce of many ancient types. 

Perhaps the most characteristic feature of South America is the 
canopy forest. Here animals live largely high above the ground. 
To keep from falling from the canopy many mammals of widely 
different kinds, as opossums, an an tenter, porcupines, kinkajuus, and 
some monkeys, have developed prehensile tails, and the sloths have 
enormous claws. There are no gliding animals, such as we see in 
the northern and Old ^ orld forests, in Australia, and especially in 
the Afnla^’an region. Birds and butterflies are especially numerous 
and varied. In the deep shade of the forests live many butterflies 
with largely transparent wings and others with vivid colors on the 
under side but dull above, A striking feature of the birds and but¬ 
terflies is tlie extraordinary prevalence of brilliant and often flashing 
colors, especially blue. Some of the numerous frogs are also brightly 
colored. 
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It is in tlie western Amazonian region and I lie eastern Andes that 
uninmt life is most highly diversified. Tlie lowlands lire curious 
in lacking the herds of large lierbiTorouB tnatnmals so characteristjc 
of Eui-ope, Asia, Xorth America, and esiseciaily Africa. There are 
no gracing mammals, and the terrestrial browsers are represented 
only by a few small deer. Tlie jilace of the hoofed animids is taken 
iiy a great A*ariety of rodents, us it is in Australia by kangaroos. 
Except in tlie northwest, bears and Inscctivores are absent. The place 
of arboreal insectivores is taken chiefly by marmosets, and that of 
terrestrial insectivores, as in Australia, by opossums and mice. 

Unique among living mammals and confined to tropical America 
are the three tyiies of sloths j the uncommon lerrestrinl giant ant- 
eater 4 feet long, the smaller terrestiial nnteater, and the arboreal 
nnlcaters; and the various armadillos ranging in ske from the little 
woolly armadillo {Ck^aftiydophorm) 5 inches long to the rare giant 
atmadillo {PnodorU&t) 3 feet long. Exclusively tropical American 
except for one species in southern North America are the opossums, 
varying fmin the size of a mouse to that of u large cat. One has 
webbed feet and is aquatic. Quite a different type of marsupial is 
V«Atuite*t€s of Ecuador and adjacent Colombia related to the Aus¬ 
tralian phalange rs. 

The American monkeys, especially numerous in Brazil, are quite 
different from the Old World monkeys. They are less diveteified 
and smaller. Some have prehensile tails. The chief types are the 
spider monkeys, woolly monkeys, sapajous, and the sluggish howlers, 
largest of American monkeys with a stupendous voice; sakis, sliort- 
tailed monkeys, night monkeys with enoraious eyes, squirrel monkeys, 
and marmosets, smallest of monkeys—some smaller than a rat. One 
of the howlers is curious in having the males black, the females 
strtiw yellow. 

Very characteristic of South America are the four camels, the 
giianaco, vicuna, llama, and alpscii, the two last known only as domestic 
animals. As a group they range from the extreme soulh to, in the 
Andes;, Peru and Ecuador. Nearly as characteristic as the camels 
are tlie two tapirs, one in the forests and lowlands of Brazil and 
I*araguay, the other in the Andes. These are related to another in 
the Malay region, Sumatra, and Borneo. 

Lcirgest of the American cats, with a body length of about 4 to 9 
feet, is the jaguar, thick-set, powerful, and dangei-ous, which ranges 
from Patagonia to Texas. Nearly as large, but with longer limbs, 
not so heavy, and generally tawny in color without distinctive mark¬ 
ings, is the puma, found from Tierra del Fuego to latitude 60“ N. 
in Canada. There are various smaller cats, some handsomely spotted 
nr strii>ed, others plain, but no 13 'nxes. 
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Bogs are represented bj several wolf]Iks foxes, one very large, and 
tlie curious little bush dogs with short legs and tail. The raccoon 
family is represented by a raccoon, tho coati, and tlw kinkajou, and 
(lie pigs by the collared and white-1 ipi>cd t>cccavies. The deer ore 
all of the American (Virginia deer) tyiie, mostly small with simple 
antlers. One, the pudu of Ecuador, is no larger than a big hare 
and has spikcllke antlers. The si>ectaclcd bear ranges in I he Andes 
from Colombia to nortliwestem Argentina, It is more closely related 
to tlic ^lulnyan bear than to any of tliose now living in Noilh 
America, Mustelids (weasel^ otters, skunks, and others) arc num¬ 
erous. In addition to many insectivorous and fiuit-eating types 
the bats include iiio blood-feeding vampires and tlie hsii-cfltching 
bats, largest of American bats, with an expanse of 2(5 inches or more. 
The tisli-eating bats have the toes and claws on the hind feet greatly 
comprci^od laterally so as to tiiintmizo the iiesistanoe of the water 
when scooping up small lislics. 

Especially characteristic of South America are llie extraordinarily 
numerous and diversified rodents, including many types tiot found 
elsewhere. Worthy of special mention are the prchcnsile-tailed 
porcupines, cavies (guinea pigs), chinchillas, coypus, pacas;, agoutifl, 
the siihterrancan tucutucus, aiuirrels, tlie capybaro, hugest of Jiving 
i-odcnts, about 4 feet long weighing more than 100 pounds, and 
others. Of aquatic mammals the most interesting are the manatees 
of tlie large rivers (also in Africa) nnd the river dolphins of the 
upper Amaxon and tho estuary of the La Plata (other species occur 
in China and India). 

Unusually numerous and varied are tho birds, of about 2,500 species, 
including, Ixisides representatives of fumiUes of wide distribution, 
about 30 families confinetl to ^buerica, mostly to the Tropics, Among 
tliesc are the hummingbiixls, toucans, jacomurs, woodhewers, cotingns, 
manikins, plant-cutters, tanagers, screamere, Xcw World vultures, 
including the king Tulture and the great Andean condor, curassows 
and guana, hoaUins, tnjm|MUcrs, carinmus, oilbtrds, motmnts, rheas, 
and tinamous. Tlie tinamous are related to the rheas but are very 
much smaller and have fully developed wings, llesidos these there 
are many interesting species in other groups, such as the macaws and 
many brightly colored parrots, the powerful hoi-py eagle, tlie block- 
necked swan, the Sluscovy duck, and the 0tght]ess steamer duck. 

Among tho reptiles there are fivo caimans and three crocodiles. 
Most of these are small, but one caiman reach^ 20 feet in length and 
on© crocodile 25 feet, Turtles are represented by snake-necked turtles 
(el^whcfe only tn Australia) of winch the most, noteworthy is the 
curious nmtomattt j the family Pelomedusidae (elsowhere only in 
Africa) includirig the economically inqmrtant river turtle {I'od- 
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two land tortoises, ii siiup[)lRg turtle in the northwest^ 
and a few others. Th«:re are no soft-shelled tnrtlesv Lizards arts 
nun^eroiis and varic^l, most of them belonging to tlie family Iguanidaa, 
wholly Ainerittni escoptfor one iguana in Fiji and tw o in Madagnscar. 
One of the iguanas, living on iho Galapagos Islands, spends most of 
the time oq laud hut feeds in tlie sea on seaw^ecds. Snakes are numer¬ 
ous and diversified, ab<)ut iis many as in the Indian region though less 
varied* Lirgest are tlie anacondas^ some of which reach nearly or 
quite 40 feet in length, and the smaller boaa. The poisonouft ^tiakrs 
are the pit vipers, Lnclnding the ruttlesimke^ and the dreaded hush- 
master, up to 10 feet long, and the brilliant coral snakes related to the 
Old World cobras- Bunowung snakes are also found. 

The frogs oufnnmber those of any other region; their affinities are 
mainly African. Like the birds they include many bizavro ty|>es 
such as the horueii frogs (€cral(^phr^&)^ the Surinam toad {Pipa} 
winch raises its young jii the skin of its back, and many brightly 
coh>n?d tree frogs, some of which are poisonous, with curious repro- 
dutrivo habits^ Salamanders occur only in the northwesL Snake- 
like burrowing coccilians are found, chiefly in Ecuador^ Tonda are 
common. One, the giant load (ffufo readies 5 pounds in 

weight. 1 have seen this toad, wdiich looks soiiiewliat like a largo 
stone, snap up young chickens os smaller toads do insects. 

As far as BeIica are cuncernecl, no two regiona could be more un¬ 
like tlmn South and Xorth Ainerica. In number of species the South 
American Bsh fauna is tlie richest in the world although les^i than 
a quarter of the fresh-water gioni>8 ai'O repivscntod. The affinities 
are prcdomitumtly with Africa* As in India there is a s[jecialized al¬ 
pine fish fauna. The estreiiiB south agrees with New Zealand and 
Tasmania. Among the endemic South American iypi^ are the Gym- 
nntidae, including ihc drcadctl electric ccl np to B feet long, the moTt 
{powerful of oleclric fishes* Tlie only oiiicr electric fob in firch water 
is a catfish in Africa, The lungfiEh of the wampE {Lepid&sirtin) is 
related to others in Africa, and more remotely to tw^o in Australia. 
Tliere are two <itstcoglossids, one of which, the arnpaima, is said to 
reach 15 feet in length with a weight of 400 iMumds. Tliis is the 
largest fresli-waler fidi In Anicrieiv and, with the possible exception 
of the Euroi^eaii catfish and a Chinci^ fish {Pitephurm}^ the largest 
in the world. It ia unusual among fishes in being a vegetarian. 

The characinids, otherwi.se African, are numerous and dlvcri?ilieih 
Among thcijC arc the ferocious piranhas or cannibal fislies {Serm- 
salfiw ), jierhaps I he most dangerous of all fishes. Catfishcs are abun¬ 
dant and varied, and many arc heavily armoretl. The largest reach 
d feet in length. Some ^’ery small apecies, scarcely an inch long, live 
as parasites in the gill chamherE of larger ones. One urinophilous 
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species sometimes causes troubia by cra-wling into the urethra of 
bathers. The curious four-eyed fishes Have the eyes divided into an 
upper and a lower half for simultaneous vision in the air and under 
water, TJiers are two small fresh-water flyingfishes, not related to the 
marine Jlyingfiahes, and in the rivers formidable sting raya. 

Tile insects and otlier invertebrates are as diversified as the verte¬ 
brates, Satlier more than a third of all known butterflies, including 
niHiiy endemic grouiis, are tropical American. Among these an 
extraordinarily large munber are vividly colored, tlie most spectacular 
being the great metallic blue morplios} but the hugest morphos are 
dull in color. Then there are the huge owl butterflies {Ctdtga) and 
the noisy whip-crackers {HoumdTyas or Ag^nma). In the southern 
Andes there tsa satyrid or wood nymph almost wholly metallic silver 
on both surfaces, and a skipper brilliant gold on the under side. 
Among other invertebratjca the giant bird-catching spider S inches 
across should be mentioned, together with the giant wasps {Pepsis) 
tiiat feed on it and its relatives. The curious onychophores are 
especially numerous in Central and Soutli America. Those in the 
Tropics belong to a group else where represented only in tropical 
Africa, while those in southern South America are lelat^ to others in 
Now Zealand and Australia. 

There are many other interesting features connected with the fauna 
of tho Americas—its origin, diversification at different periods in the 
past and in restJonso to present conditions, and the fundamental 
changes that have come about since the settlement by Europeaiis, and 
are continuing today with increasing speed. This brief survey, how¬ 
ever, will suffice to bring out the siinilarities to, and contrasts with, 
the corresponding faunas of Eurasia and Africa. 


The Mechanics of Snakes' 


By Altbed Leutscher 

Briiish Mttitum {Natural Ilistcry} 


[Witb 3 plATcfl] 

A FRCEsrj^ of mine once ti'ifid to gi:t Uirough the customs a snake Im 
wiis bringing back with him from tho Continent. Four-footiMi ani- 
tjmhy such as the rabbit and squirrel wldch Ue also bad with his bag- 
gaget were i>assed by the customs officer without eommentp But no 
matter how my friend attempted to trace the ancesti^ of Ids reptile 
pet in terms of lost legs, it had none just then, m that was tlmL 
Tiiat serpents are of quadniped descent h not an easy matter to 
prove. Their lack of legs was formerly sufficient, even among scientifie 
circles, to link them with other limbless creatures, such as tliose amphib¬ 
ians with scales in their skiuSj called c^oeciUans, and certain limbless 
lizards like our native slow worm. There is even no tangible evidence 
to show that they ever possessed functional limbs. 

Snaked have been claimed from Cretaceous rocks, but such occur¬ 
rence is doubtfiiL Later fossils from the lower Eocene in America 
approach the lizard type in bone etnicture- Viperlike snakes are 
known from the Miocene of France and Germany^ More recent snakes 
from EgJTf boa I ike and appear to have been monsters, probably 

growdng to 60 feet in length. All the above were snakes—that is, 
withoiit functional limbs. 

There is no ^‘story of the horse-^ flavor to show for a snake^s evolu¬ 
tion, which is understandable since the skeletons of tliese creatures are 
too delicate and brittle to fossilize well, and the full stx>ry of how^ the 
snakes evolved may remain forever a secret, 

Circninstantia] evidence and comparative anatomy of snakes, how¬ 
ever, indicate that they are undoubted reptiles which, as a class, are 
derived fioni land qaadru|jedSp A faint clue to the origin of snakes 
may be seen in the skeleton of the largest living s|iecic^ which ara of the 
more pnmiti%'e kind. One familiar member of this family (the Boi- 
dne), the py tlion, retains a curious relic of the past in tl>e shape of cer¬ 
tain bones lying near the base of the ta.il. They consist of what are 
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thought to fjc ti'uccs of n iwlvis and lihnl limbs. Attoclied to each fe* 
mur there is on tho surface of the bo<ly u oonicul, clnwlike spur, Tliese 
5[)urs are larger in the male pyl.lioii niid no longer fmiction as limbs 
but serve as excitor organs wlien scru[ied against tho female during the 
net of mating. IVe sec ii somewhat similar parallel in tho vest igial hind 
limbs of certain wlmles, undoubted mntiimuls which live entirely in 
w*iiter and whose qiiiidrui>et! ancestors ore as much a mystery as those 
of snakes. 

Serjient^ superficially resemble worjns, for which they may be mis¬ 
taken, but a true worm has no lusny jaws, tongue, or well-developed 
eyes and is classed with the animals that have no backbone. The 
worinlike snakes vary greatly in length, from n 4-ineh species like 
Olauconin to a 30-foot giant like the hfalay python {,Pyth<m 

Their liody may be long and slender, or short and fat, 
ncforclmg to the species. 

The backbone of s snake is composed of numeruiis vertebrae which 
lire of txvo kinds-—those of the hwly, w'hicli carry each u pair of ribs, 
and tliose of the short tail, wliich have instead long transverse proo- 
cases. The vertebine are connected by hand-socket” joints which 
allow for great flcsSbility. At the same time, because of oerttiin pro¬ 
jections on each vertebra that lock with the adjacent ones in a kind 
of dovetailed joint, a snake's body possesses a rigidity that is re¬ 
markable for such a delicate mechimlsm. llie slightest blow will 
fracture or dislocate ii siiiiko's backbone, yet the animal can twist and 
rear into positions iuiposstblc in other vertebrates, Jfuiiy a jiet snake 
owes its f!scat>e from captivity to tho strength and suppleness of its 
backbone. 

Tho dovetailed jointing to some extent limits the hotly movements 
in the vertical plane but docs not interfere with tho cettensive lateral 
play typical of a snake in movement. Illustrations by early natural¬ 
ists and modem cartoonists often depict the progress of $$nakea and 
“sea serpents'’ in vertical undulations. Sucli movement is entirely 
foreign to snakes and to reptiles in general; it Is^ in fact, quite imi>os- 
sihle, because of ilia way tho backbone is constructed. 

The numerous curved rilis which arc joined m pnire to llic trunk 
vertebrae are capable of certain movements. Lateral movciiieiit is 
scon under certain ciremuilances, us when the snake is flattening the 
body ill the sunning atl itude or when al lowing passjage of u meal, which 
tan bo detected as a bulge iilong tlie botly, Xo breastbone exists In 
mmkes to hamiier their movements. Tho niovemeut of the ribs back¬ 
ward and forward waa at one time thought to ploy an it!i|)ortant part 
in locomotion, but this has recently been questioned, fjocomotion is 
now thought to operate under muscle action which is visible to the 
eye in the movement of the body surface, specially on the lower side. 
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lu cliiiibiiig or creepmg at a slow pare souio SJiates ai^ capable of 
oioviii^ forwanl in a perfct^tly straight line* A wave action on tlio 
lower sides of the which moves forward in a scries of steps, is 
caiist'd by successive contractions and rela?cations of the muscles 
underneath. Attached to the ribs, these muscles operate on the lower 
body surface, which iti most snakes is covered by a series of bixkinb 
trEinsverse scales, kno\™ as sJiiekls. These shields correspond in inun- 
ber to the vertebrae and overlap like roiifing slates along their hind 
edges. The free boi\lers of tlie shields grip onto any rough surface or 
irregularity over which the snake happens to be passing^ imd this action 
is Jito^t apparent along tliosa parts of the body that are in contact with 
tlio ground, rock, or branch. This rectilinear movement has been 
^TOjiiparcd with that of nn ejirihw'onn nmi has often been descrilwd ns 
snake walking on its Actually, one gets a better analogy 

AvJion one visualizes tho rowing of a boal. The oar [>iade wldcb grips 
Hie water corrcAponda to the ventral shield, Uie oar is Uie lever of rib 
and muscle, and tlie ground is the fulcnim* Such movement is in 
common use in ground snakes, such as our native adder, and arlwreul 
snakes such as the Aesculapian snake (Elaphe l&n^ismna) of south 
Europe (pi. k fifT-1) ■ This latt^^r, like many of its relatives, has over¬ 
lapping belly shields which bend at a sharp angle along their shorter 
sides. This foriiLH: a sharp keel wdiich gives iiu extra grip on tlie 
smallest irregularities on bark or rock over Avliich it clinil^s. 

The feats of climbing displayetl by a pet A^ulapiau snake in my 
collection reveal tlie Ingli degree of &i>cciidination achieved by snakes. 
This si>c<jimen will climb over the funutiirc or cra^vl along the picture 
rail in niy study, never missing its hold or making a false move. It 
can cling by its tnil or any part of the body to the buttons of onc^s 
waistcoat, or bung from a prc^jecting i^ou fixinl info a ^mcket. ^\^lcn 
seeking a new^ peiv;li it will strctdi out its slender IkkIv in a horiaont^vl 
plane to a lliirtl of its leiigtJi, misuppoHcd in the air, as Jt reaches over 
a gap to secure a fresh hold. The rest of the body, arul in particular 
tlie prehensile tail, meanwhile retains a secure grip wdiicli it refus^^'S 
to t^lax until the next foothold is ^ured. If I attempt to pull it free 
tho grip is tightened* I f I stand nearby it may attempt to bridge the 
gap in order to reach an arm or shoulder* Should 1 move slightly it 
draws back, remaining on its former prcli. This is strongly reminis¬ 
cent of an ext>eridiced mountaineer who a 1 way's makes sure of his 
next step before he releases a previous foothoki 
Along n tightened rope this snake wdll hang its Iwdy in loops over 
each side, edging itself nlongslo^vly in a remarkable display of coordi¬ 
nated musde action in ortkr to maintain its Imlance* Its “star turn” 
is tkes grip It can maintain wlien banging onto an elcclricdiglit switeb 
aet into a wall. Here, on Uic only projection, less than bsilf an Incb, 
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OR ii flutj reitic&t stirface of maRj squure feet, it will remain for over 
an hour, never reliixtng its grip. 

A similar grip is used by this pet snake in const ricting prey, o Imbit 
best known among boas and pythons, (It is indeed possible for a large 
boa or pytlioii to constrict and even kill a man, but tliero is no cause 
for alarm when a tamed python is coiled around one's neck or arm and 
commences to exert pressure; it is merely securing a firmer hold in 
order to prevent a fall.) 

Kectilinear movement takes place at leisurely speed. At moderate 
or high speed a snake displays the typical serpentine movement, as it 
is called, wherein the body undulates in lateral curves and can thereby 
brace itself against projecting obstacles in its path. Without such 
projections a snake cannot proceed, as may be shown by placing it on 
a higlily polished snrface. 

Where the flow of curves is restricted, as in a narrow tunnel, a 
snake may resort to yet a third locomotion called tlie concertina move¬ 
ment, At intervals along its body are stationary curves that press 
firmly against the sides of the tunnel acting as anchors toward which 
and away from which the parts in between can be moved. In this way 

B--B A C---C 


Fiotmc 1. Sugo, fram top to batton),orcoi]ccFtIna movement ia a mike mov{n| along 
a tunnel. A, Body at re»t where it touche* the lunncl wall*. B, Body b from mov¬ 
ing forward. C, Body hehiiid being drawn up, 

it progres^s b Btejis along the tunnel (fig. 1). Frequently a mixture 
of both tills and rectilineal movement takes place in which the belly 
shields at the stationary iwints along the body grip the underlying 
surface. 

In some snakes, especially certain vipers and rattlesnakes, a curious 
sideways progression occurs. One North American rattlesnake 
{Crotidut ^ratten), in fact, is named after this peculiarity. It is 
called the sidewinder. When side winding a snake proceeds in a direc- 
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tion that is at fin angle ta that in which it is facing. The body ilocs 
not follow the course of the head bnt^ as it were, tacks away from a 
base line. 

In burrowing snakes^ of which Typhlopi is a typical eKample, thera 
are no broad belly shields^ and the body is uniformly covered with 
polished and closely united scales of more or le^ equal ^\z^. This is 
also found in the slowworjn^ a legle^ lizard that is fond of burrow¬ 
ing. There is no risk of earth particles becoming caught np in the 
skin, and the scales play no part in locomotion. Insteadj the body 
twists and turns in all directions, pushing it^ curves against resisting 
bodieSjEuch asstones^ plants^ and the walls of hurrows to proiwl itself 
fonvard. In some burrowing snakes (e. g*j UTi?pe7th) the short tail 
ends abruptly in a broadened oblique surface, which is covered with 
large scaleSj and this operates somowltat like a digging implement. 

The highly poisonous sea snakes, which constitute the subfaruily 
Hydrophiinae (these are the only ‘^^sea serpents"’ at present recognized 
by acionce), are entirely divorced from tlie land, being viviparous 
and adapted for swimmings Ttiey have strongly compressed bodies 
and oarlike tails which pre^ient a broad surface io the water as they 
progress with lateral undo hit ions. This compares with the move¬ 
ment of fishes and is thought to be a relic of their fish ancestry. 
Even a land snake^ such as the grass snake, will swim in this manner 
over a pond—and for that matter *^«wiin’’ through the 

Yet another remarkable feat of scune serpents is to be seen in the 
action of a ^^flyingf’ snake. This is much more jn the nature of a 
glide but is nonetheless extraordinary^ The ventral surface can bo 
pulled in to form a deep concavity, accompanied by a slight flattening 
of the body, the kind of flattening one would find if the body were 
d([uaslied by a pnN^sure applied above and below% The hollow under 
surface gives the snake tlie necessary buoyancy in the tiir for ita 
parachutelike descent into a lower branchy in a glide of some 
considerable distance. 

In general, snakes that are well able to take care of themselves, 
such as the poisonous kinds and the large constrictors, are by nature 
sluggish, and many have squat clumsy bodies. They may even possess 
peculiar mechanical devices that are used to warn aw*ay enemies. 
There is, for instance the '*hood” of certain cobroa produced by the 
flattening of the ribs behind the head when the animal is annoyed. 
Then there is tlie warning ^^rattle^^ of the American pit viper, or 
rattlesnake; the rattle is composed of a series of rounded, homy 
slieaths at the end of the tail which is added to with each successive 
molt of the skin, and vibrates at high speeds to produce a whirring 
sound intimidating to its enemies. 
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Defenseless sniUteSf biirrowers and tree-climbers, on tbe other hand, 
are usually slender and built for speed. The record is probably bald 
by the American black racer (Uoluler emstricto)'), ^vbich is said to 
attain tlie speed of a nmning man, 

Tho fastest of all snake movements, limvoTcr, may be claimed by 
tho vipers. Otherwise sluggish, and apt to stand their ground when 
attacked, tliey strike at lightning speed. When time pomita, the 
rattlesnake or viper will coil the forequarters into the shape of a 
watch spring with the head in the center. This enn then be shot 
forward for about a third, even a half, the length of the body to 
produce one of the fasUjst movements in the reptile world. Ouly a 
few animals, such as tho mongoose and some birds, are able to avoid 
it, and even these are not always quick enough to avoid the strike 

Iliia brings us to another part, of the snake^s unique mflohinery, 
the^ Jfiws. In birds and mammals, man included, there is only one 
articulation of tJie skull bones, the point at which the lower jaw 
hinges onto the cranium. In a snake’s skull the bones of the jaws 
function as prehensile organs and do not masticate the food. They 
are atfnched to one another and to tlie cranium by elastic lignmentous 
tissue, wljich t^irmits much distortion and wirlo expansion of the 
inoutli. 11)is, togetlier with the es|)ansion of ribs and body wall, 
allows for the patssage of a prey thnt far exceeds in cross section the 
site of tlie liend. 

The focal point of the juw action is at the point where, at the 
back of the skull, the two bones called the quadrate and pterygoid 
meet the lower jaw (see ph 2). As the quatlrate bone is levered for- 
waid by muscle action a thrust is transmitted to both the upper 
and lower seri^ of jawbones which iwssess teeth. These slide over 
the meal, hooking on farther fonvard as the prey is worked down 
the gullet, The most noticeable movonient is in the lower jaw, tho 
two halvK of which can separate widely at the tips, where nornlally 
they are held m place by elastic ligament. This allows for enormous 

expanaon of a mouth with normally wide gaiie that extends to well 
beyond the eyes- 

Kflch half of the jaw has indepciulent mo^^ement and is pushed 
forward alternately to its neighbor in a chewing action as tlie owner 
iUertiUy pulla itself over its [irey. A cojiious flow of saliva in the 
mouth helps to lubricate the passage of the prey along tlie gullet 
It is a slow and laborious process, psiinful to watch. Once the prey 
IS post the teeth, wallnwing is sjjeeded up as the miiscicB in the body 
wall take over, .and the meal travels as a visible bulge into the stom- 
act). Prey of large size is usually swalioweil head firet By the 
mechanized means describeti above, which is ijcculiar to snakes, a 
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pjtl^ou can swallow a fair-sizcd di^cr and a grass snake can engulf 
a fit)g that is twice the diameter of its own head (pL 3). 

The egg-eating snake {DaisypcUW) is capable of tackling a lien’s 
egg, wliicli is eaten whole. Certain of its vertebrae Iiave enameled 
ti^is projecting into the gullet. Tliese cruAli the egg in itn jmssage 
tou'aril tlio stomach. The contents are sivallowed and the eggdiell 
regurgitated as a pellet. 

xV typical snake’s tooth in its layer of enamel is recurved and 
sharply |x»inted. It is used only for gripping food. Having no 
socket^ an ordinary tooth is easily broken oil but soon replaceilt re¬ 
tire teeth grow from tlie gums lining the inner side of the jaw and 
move into position after ctich accident. 

In some scrjients certain teeth are mod Hied into jxiison fangs. 
These are larger than the normal teetli but retain the general pat¬ 
tern of prehensile teeth. Tho 3 ’ are usetl, however, for injecting ihe 
poison, w'hich is produced lu ono or other of the modified salivary 
glanck. As with non mil teeth they easil^^ break off, and one mc1ho<l 
of defanging a snake is to allow it to strike at a clotJi, which is then 
jerked awaj' from the closed mouth, lint again, a reserve tooth can 
grow into posit ion and replace a fang that has been lost. 

In the venomous snakes of the large family Coliibridae, in which 
the long ma\illary bone is fixed, the fangs mny lie at the rear end 
of this; hence tlie name of their division, the Opislhoglypha. The 
fangs arc usually too far book in the mouth and the poison too weak 
to make these snakes a real danger to man. The hlontprllier snake 
{Midj>oIoti montpcssultinm) is of lliia kind. A stiecimen that once 
hit mo on the bare arm eiuised no further discomfort than the pain 
of the Incerated skin. On the other Imiid, ono of siniiiar length, 
about 2 feet, bit and killed a gra.ss snake in my rcptiliary. 

It is ajnong their cousins, llic lUvlsion ProEeroglypha, or front- 
fangeil snakes, that we meet tlie killers. Sneb are the cobras, kraits, 
and mambas. Many of them bite with a bull-dog tenacity; they tend 
to hang on and force their fangs into the flesh with a chewing action. 
The result is often a severe laceration, and this may he accnmpanieil 
by much loss of poison as it leaks out of the wound. Doth groups, 
front-fonged or back-fangeil, liave jwnnanently erect fangs in the 
fixed maxillary bones. 

Tlie whole oi>eration is in many cases a clumsy affair and not 
alwaj-s ns swift ns one imagines. A rearing cobra may look a fear¬ 
some sight, yet some iwoplc will approach and tease it with impunity. 

Far more efllcientand less wiistefiil is the iwison meehanism of the 
family Vijn'ridne, which include the Ohl World vipers and the Xew 
World raUlesnakes. Here tlio mtuvillary bones are short and so plaml 
that they tan rotate on their front axes where they join tlie prefrontal 
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bones of the crennm (see fig, 2 ), At rest the maxUkries are so placed 
that the fangs, which are fimly fiied to them, point backward and lie 
along the roof of the mouth. Protected in tliis way when not in use, 
they may grow to considerable length, sometimes not far short of 3 
UR'hcs^ as m tJie Gnbun viper of Africa. 

With the mouth open the viper or rattlesnake brings into operation 
a set of musdes tJiat puts the highly mobile jawbones tlirough a series 
of lever actions, m such a way tlmt the short ma,tinatT bones ate ro- 

H rf T. “^ 7 “'^"7 the fangs into posi¬ 
tion for the lightning Uirust that follows (fig, 4) ^ 

:^e erKtion of a viper’s fangs is an independent action, not neces- 

-sarily us^ only during striking. I have watched an adder yawn to 

ease its facml muscles, slowly raising each fang in turn, where no 
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(After Boulcn^cf.) 
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1. T^c A^a^iul^piari. anjikc, n.amcd sficr Artcu!a|>lu!i+ ilit Gr«k jfod o\ A iret- 

cllrnbftliie CTPniimcCurt il ii at rie^T Alon); a bmndi. 'Phil apcdinrn i» J fcrl but ibc 

ipccirt can attub 4 Ecnj^th ol 6 fci?t- The ked» H ihc edge* of (be vcniral ihiddi arc 
dearl]r shown, (Plioioj^iiph Uy Liond Da>v f. K. Pr S,) 



2 . Xfsrthcm viper or adder in a Jcfcnilve aEiituiie prcparaEor>' to iTriking at an object 
wa%'Cil above it* he*d. (PbologrApb hy Lionel Dlj% F- R- P- &-) 
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Side {upper) and under vitw of anaconda. (Pfu>LjO£raphB by iioiict Daj'p 
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A toad in (rniTCMa of hcin^ iwaHawcd hy a f™rrv j?rai^ {etherwine knonn ai 

kcdback-, 'ITte 4nak« alirTtiJiEely advanm 

iidet of lU upperJaif, ebtaini a purebaAe widi i|i leelii and draws the 
or, rather, sHpi itaeff over the toad- Tht iwatlowfng oentpiti nboui art hour, 

^tkin ha* prfihjiblv' hr^nri on the litad befote like hind Ic^ diiappear. (Pbotourapha by 
0, C. Edwards, A. R. R S.) 
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attempt was made to strike. It once took and swallowed a lizard oliTo, 
in which act the fungs remained in the resting position. 

The groore along the front edge of the fang, as seen in cobras, is 
completed into an internal canal in the Viperidaa. In such a canalized 
tooth there is an inner opening which appears as a slit at the base of 
the fang on the posterior side. Tliis communicates with a duct lead¬ 
ing to the poison sac, which in the riper is a modiiiod salirai; gland 
lying in the roof of tlio mouth just below the eye. The outer opening 


SQUAMOSAL 




Fim/RB 4.—Ereciion of bnf nticlon g( ibe lEuiilta and the tJisifl at bone* 

cnoaected ui it. 

of the fang is set just behind tJie tip, whose needle sharpneas is tliereby 
not impaired. Venom is stored in the spaces within llio sac, upon 
ivhkh pressure is brought to beat by the fleiion of the facial muscles. 
These are in close relation with the venom sac, wliidi Is squeezed by 
file muscles in a kind of wringing action. Venom passes via the duct 
tliat lies over the maxillary bone, into the hollow fang which is pro¬ 
tected by a tiiick, mucous slieath, and so into the wound. Not a single 
drop need bo wasted (fig. 3). 

In some cases poison is actually tlirown from tlie fang some distance 
fi-om its target In gome of tiro **spitting cobras” the poison may be 
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iivith considemblo nccuntcj to A di!)i&nce of up to 8 feet. 
Whctlicr tlie aim is deliberate is not fully understood. lioulenger 
niekes llic suggestion that the poison is mixed with the sniike’s normal 
anliva and squirted through on oiiening in the membranes lining tlie 
mouth which net ns lips. If so, then this sction would entitle tills 
cobra to its pnptdnr mime. 

A snake's fang is a mechanical masterpiece and nature's parallel to 
tl«o hypodermic iieedte. Like the surgical instrument it is only used 
wiien nece$sarir% for most snokes strike only a.^ a means of defense or 
to kill prey. Hair-raising stories of vicious serpents that pursue and 
leap nt their victims, in other wortls make a deliberate onslaught, ate 
usually figments of the imagination. Beldierate attack as opposed 
to defense is a rare thing. 

The ftlmve remarks will make it appear that the life of the lowly 
serj)ent is a matter for compensation, for ‘*wlmt it loses on the tound'- 
abouts it gains on llie swings.” It cannot ma.sttcate its food, so it 
swallows it w'liolei in tliis it can put a healthy human appetite to 
shame, yet it can, if foreeil to, starve for over n year. Limbs as such 
lira missing, so it “walks” on its ribs, swims and grips with its tail, and 
climbs on its scales. Hie outer skin does not grow, so from time to 
time is {leeled off neat ly, even to the scales over tlic eyes. Taste is poor, 
but this 18 compensated for by a strong sense of smell, in which tl»e 
liaiinle.% tongiie assists by catching the smell particles from die air. 
In hearing it is proverbially deaf, but may receive ample warning of 
danger from vibrations through solid objects;, which reach it? sensitive 
skin more swiftly than sound can travel tliroiigh air. I'rey it can 
tackle and kill with a ciioice of two methods, poisoning or constriction, 
or it can merely swallow it alive. 

The customs oflicial, indeed many of us, mny well puzzle over tins 
“limbless quadruped" of the herpetologist, but w*ould no doubt agree 
with all the fame and notoriety that it enjoys. It holds a position 
unique among aiiLmnls in being able lo attract yet at the name time 
rcjie! (he observer. Symbol of hen ling or of evil, feared In one place 
and worshiiied in another, it is steeped in legend and folklore. 

Enemy of man and persecuted tmmeraifully, the serpent may yet 
hold its own in a hostile world for many years to come, owing its 
survival to tiro unique machinery of its skeleton with which, os Sir 
Richanl Owen once said, “it can oubclimb the monkey, out-swim the 
fish, out.leap the jerboa, and out-wrestle the athlete." 


Hormones and the Metamorphosis 
of Insects^ 

By V. B. Wiccix^woRTn 
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[With 4 plalBtf] 

■Tliost^ Ktrnngfh anrl mj'Slical trnWSnltfe'riitioua t3mt I 
faave obscrvi'rt In SSlk'WormB," wrote Sir TUenms 
Itrownep my PbiloaDph^ lnEU There 

in the^e wark^ of natuio^ which seem to piizxle 
rofiEoiip BomethiDi^ HlTlnOp and hath moTe In It tlmn the 
eye of a eominon Bjwwtator doth dlseorern" Who. 

Indeedp he CiB fall to wonder *'at the opc-mtUm 
of two ^uts In those liltle 

The contcmplntioi) of Lho metaniorpliosis of insects lias always 
evoked feelings of mystery. When regnrded more closely throttgU 
the eyes of the anatomist nnd the csperimeiital biologist, the super* 
ficial mystery Is dispelled—to bo replaced by deeper mys( cries. 

Even in that estreme example, metnmorpliosis in the Xjepidoptera, 
where the caterpillar is tronsfonned into the chrysalis and the butter* 
fly, tJie rudiments of the organs of the adult or imago—tlio wings and 
legs and so forth—ore already present in the young larva as clusters 
of undifferentiated cells, the so-called i magi mil disks. Throughout 
the larval life of tiiese insects (the “endopterygote” insects) the wing 
germs grow inivurd and do not become apparent until they are everted 
at |>upation. 

The fact remains, however, lliat the strictly adult structures ploy 
no functional part in larval life, WlicnsiH the form of the caterpillar 
becomes fully difforentinted before it hatches from tlie egg, the adult 
insect jicrsists in an embryonic state until the growth of the caterpillar 
is complete and metamorphosis takes place, indeed, the caterpillar 
is not n wolkilig embryo, as some authors have contended, but a fully 
differentiated organism which contains within it, in an embryonic 
state,the adultbutterfly. Metnmorphosisconsistainthedissolntion of 
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the orgnnism of the cnterpillfir nnd the simultaneous differentintlon 
and reali^iation of the latent organism of the bntterflj which super- 
sedes it 

In the development of animals, the stage of visible differentiation 
of the parts Is preceded by n stage of “determination,” at which, 
although all parts outwardly look alike, each is in fact alrcaily oom- 
uiitted or determinefi to fomi some particular component of the 
organism that is to be produced. Development is then said to have 
reached the mosaic stage, Dctcnnination of the main j^arts of the 
insect l»dy occurs very early in the development of the egg. Tn some 
insects, the fruit fly DrosapkUa ( 4 )* for example, the mosaic state is 
already attained in the germ plasma on the surface of the egg at the 
time of laying; that is, before the single nucleus of the egg lias even 
started to divide. In other insects this may not hap{>en until after 
the germ band has formed. If, when the mosaic state is reached, 
a part of thcdeterminiHl area is destroyed by burning or by irradiation 
with ultraviolet light, the corresponding part of the insect will be 
lacking when visible differentiation and development are complete. 

The interesting fact about these insects is that, even at this early 
stage of development, the larval organism and the adult organhfin 
are distinct. Elimination of restricted areas of the newly laid egg 
of I}rmapfiUa result* in corre.spondtng deficiencies In the resulting 
larva—^but the adult fly, when it iipiienrs, is perfectly norjiud. At 
this stage the egg is a mosaic in respect of laiwal characters, but is 
still undetermined in re«i>es;t of the adult chameters. But within 7 
hours after laying, imn^nal determination has taken place; the egg 
ie now n mosaic in rest^ect of adult characters also, and in]'iirics to 
mtricted areas nt this time become apparent in tho adult fly, I ndeed, 
if they affect orgatis. such as legs or wings, that are not present in the 
larva, the results of these injuries nre not visible at all until after 
metamorphosis. The saino thing is seen in the clothes moth Tineola 
( 5 ) ; by Irradiation at the appropriate moment it is sometimes possible 
to obtain n clothes moth with normal limbs developing from a larva in 
which one or more legs were completely absent. 

Tims, metamorphosis consists in the roalisiation of all those adult or 
imaginal characters that remain latent throughout larval life; the 
physiological study of metnmorphosis consists in the analysis of the 
factors by which tho manifestation of these imaginal characters is 
coitt rolled. 

Jiany diverse hyimthescs have been put forward in the past; but 
in recent years evidence has accumulated that control is exercised 
by means of hormones, For tho purpose of experiment it proved 
convenient^ in the first instance, to use a heinimetabolio insect; tllht 
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is, ttii itiSKct which does not show the estrejne degree of tiansfonna- 
tion from ciiterpillar to butterfly^ but one In wiiid) the young stages 
are not very unlike the adult, and in which metamorphosis consists 
in the development of wings and genital organs and other structural 
changes, accomplished without tlie necessity for an intermediate pupal 
stage. 

The blood^sucking South American hug Iikodmu«, a creattire 
about 2 cent]motel's in length when fully grown, has [woved a most 
useful es])erimGntuI animal (B, 9,10,11). All insects grow by utuler* 
going a series of molts, during which the epidermis detaches itself 
from the old cuticle, lays down a new and larger cuticle, and tlien 
casts off tlie old. Like the small bedbug €imest, Rhodnim molts 5ve 
times,' in each of its molting stages it requires only one gigantic meal 
of blood. It is at the fifth molt that it undergoes metnmorpliosis 
and becomes adult (pi. 1, figs. I-!!). 

hfoUing in Hhodnius is preceded by growili, reorganization, and 
the deposition of the cuticle for the next stage. Tins whole elaborate 
process is set in motion by a secretion fmin certain large modiiletl 
nerve colls (neurosecretory cells) situated in the dorsal surface of 
the brain. If the bug is decapitated within one day after its great 
meal of blood, it fails to molt — although such heedless bugs have 
remained alive for more than a year (pi. 1, tig. 4). If, however, the 
region of the brain containing the secretory cells is tiarisplanted into 
tlie abdomen of one of these decapitaUnl insects it wull duly molt; and 
surprisingly enough, even if it is a young insect at an early stage of 
development, it will undergo nietiiraorphosis and develop into a 
diminutive adult. We shall come back to tliis matter later. 

Thus the brain apiwars to secrete a molting hormone. In Rhodnim 
this was believed supposed to act directly upon the growing organs, 
but in the caterpillars and chrysalids of moths tlie pixicess is more corn- 
plicated. The pupal brain of the siikmoth (14) contains two groups 
of cells, apparently producing two diffciviiit eecreftioiia, both of which 
must be present if molting is to occur. These secretions do not act 
directly u]jon the tissues but upon another secretory organ, the pro- 
ihorucic gland, which In turn produces the secretion that is neces¬ 
sary for growth and molting. A similar gland activated by the secre¬ 
tion from tlie brain has recently been found in Rhodniuv (13). The 
nature of these subsbinces is not known. There are demonstrable 
changes in the bloocl of insects at the time of molting and pupation, 
e. g., increases in the omounts of cytochrome oxidase and cythochrome 
C in the pupae of the large stlkmotlis (14), and the activation of 
tyrosinase in the blood of pupating larve of blowflies (2). Whether 
any of these substances is to be identified with the hormone itself, or 
whetlier they are merely to be counted among the consequences of 
its activity, remains to bo decided. 
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The hnpletitation of the cells of the braitt, tvhidi produce the molt¬ 
ing' honnone, into the abdomen of the decapitated hhednivs, results, 
as VO ha^’o seen) in the occurrence of metamorphosis—even in the 
.young insect irhosa gi-owtli is far from complete. This result sug¬ 
gests that the head prcKluces a second factor vrhich nonnallj prevents 
metamorphosis in the young stages. That such a factor exists itas 
been proved. It has been termed tlie juvenile hormone, and it Is 
secreted by a s])ecial glaiici of intermU secretion named the coqjus 
altatum. The corpus nllatum lies just behind the bruin; it shows 
some remarkable resemblances to tbe glandular part of the pituitary 
gland in mammals. 

Jihodnius, as we have seen, has five hirvol stages before it becomes 
adult. If ti)e corpus aliatum is removed from one of the young 
stages and implanted into the abdomen of a fiftli-stage larva, when 
this molts it tunis into a giant or sixth-stage larva instead of iiuilcr' 
going metamorphosis to an adult {pi. 8, fig. 3). Even a seventh- 
stage larva Iws been produced in this way, and some of the sixth- 
stage larvae have transformed successfully into giant adults {pi. 2, 
Hg. 1, and of. pi. 2, fig. 2). 

Conversely, removal of the head of a young ffhodmus when mott- 
ing is just beginniitg causes the body to undergo a precocious metu- 
morphosis. It has not been possible to remove the corpus aliatum 
in the living ffhodnhis witltout undue injury to the head and brain. 
This has, however, proved possible in oilier insects, and the results 
obtained in likodJihts have been amply conhrnied. Stick insects, 
I>ixippits (6), treated in this way begin to lay eg^ while still quite 
small. Cockroaches (7) become prematurely adult. Silkworms 
(1, 3) turn into tiny pupae which will give rise to tiny moths (pi, 3, 
figs. 1—5). 

Tlic juvenile hormone is secreted throughout the first four larval 
stages of Rhodniui. During tlie fifth stage it is no longer secreted; 
the corpus aliatum of the fifth stage implanted into the abdomen of 
another fifth stage docs not prevent metaniorphosis. lu tlie adult in¬ 
sect, however, this hormone is once more produced. Here it is neces¬ 
sary for the ripening of tliu eggs. If the adult female is decapitated 
after feeding, no eggs are developed; they are developed normally if 
the corpus aliatum is implanted in the abdomen, if the corpus aUattim 
of die mature adult is transferred to the abdomen of the fifth-stage 
larva, metainorphosis is prevented ami a sixth stuge is pro<luced. 

It is evident that these hormones serve only to coutro) the niauifesta- 
tioii of characters that arc latent within the cells. It ts therefore not 
surprising to find that they are not limited In their action to the insect 
species from which they have been derived. The blood of a molting 
RAodnius will induce molting in a decapitated larva of the related 
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Bcnus Trkt&ma (pi. 4, fig. 1, and cf. pi. 2, fig. 4), or even in the bedbug 
Citne;i;. Tlie fifth-stage lawa of the bedbug cim be prevented from 
becoming adult if it is transfused with tJie blood from a young lao'a of 
Rhodnius containing the juvenile hormone. 

Xonnal development of an inaect, witli the restraint of metamor¬ 
phosis until growth is complete, and then, at tlio appropriate moment, 
the activation of imoginnl d) llerentiation, clearly demands a very nice 
timing of events. The hormones nmst he released at the correct time 
and in the correct amounts. If these conditions ate not satisfied, as 
may happen, for example, in some cxperlinents when a corpus allatum 
from a young Rkadnim is transplanted into a fifth-stage larva, and tlie 
amount of juvenile hormone present is too small or is produced too late, 
metamorphosis is incomplete, and creatures intermediate between lar¬ 
vae and adults am produced (pi. 4, figs. 2, 3). Errors of this kind 
are not uncommon in nature. Caterpillars with wing lobes and an¬ 
tennae like half-formed pupae may occur; or pupae may have parts 
of the body resembling larvae. Such abnormalities are most liable to 
appear in hybrids resulting from tlve eiiossing of different species. 
There can be little doubt that they result from errors in the timing or 
(he concentration of hormone secretions. 

It would seem that the cells of the young insect contain two systems, 
one capable of producing tire adult insect, the other producing the lar¬ 
val insect. In the presence of the molting hormone alone, the adult 
system is activated and metamorphosis occurs. In the presence of both 
molting hormone and juvenile hormone, tJie larval system is activated 
and metamorphosis is suppressed. Or perhaps we hove to do with a 
single system whoso activities are modified in nitemotive directions 
dei^ending on the presence or absence of the juvenile lionnone. In the 
last analysis, the nature of the constituent elements, and the mode of 
interaction between the hortnonesand tlie potential organism latent in 
the tissue colts, ore biochemical problems. For the moment we can de¬ 
fine tliem only in biological terms. 

Once the insect has reached the adult state it does not molt again, 
save i n t he most prim itive fornis. The adult /f A odnius can be i nduced 
to do so if it is joined to a young molting insect so that the blood flows 
from one to the other. I f at the same time it is provided with a supply 
of juvenile hormone by tlio implantation of corpora allata, it develops 
on its abdomen a type of cuticle which shows unmistakable larva! 
characters. There i^as been a partial reversal of meiamoiphosis, a 
partial recovery of youth. 

The future of this subject, which is being actively studied in institu¬ 
tions in many [larts of the world, clearly lies with the cliemist. It 
sltould not prove an insuperable task to discover the nature of the 
growtlr-controlling hormones of insects, and to define the conditions 
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of their action. To discover the nature of the substrate upon which 
they act, the integrated germ of the organism carried by the living 
cells (12), is a problem tiiat touches ujhmi the nature of life itself, and 
may well tax the ingenuity of the biochemist for some time to come. 
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Utilizing Our Soil Resources For 
Greater Production* 


By Hobeut M. SAtTWt ’ 


(With 1 [datel 

In some qimrtG^rs there ie concern as to whether the notion's soil 
resources can support the Uiiite 4 States in ft position of world leader¬ 
ship. Our soils are capable. We can be confident of that The prob¬ 
lem is to manage onr soils so os (1) to yield enough crops to meet 
current increasing demands, (2) while doing it, to increase soil pro¬ 
ductivity enough to support even higher prodiittbn on a sustained 
basis, and ( 3 ) to provide farm families with a high standard of living. 

Some popular opinion holds tliese to be conflicting objectives. I 
do not. Tliere is an abundance of scientific evidence, backed by prac¬ 
tical application on farms, to conclude that we can make our soila 
ptv»duce enough to meet current needs and also to provide for tiie long 
pull. Modeni measures for unproved soils management contribute 
toward boLli goals simultaneously. The job is to get such measures 
into general use on farms—a job that will take much “doing." 

As a backdrop for discussing the various factors Involved in tins 
concept of soil utilization, we need to consider the size of the produc¬ 
tion job, trends in crop production, and the nature of our soil ri«iOurces. 

now Hccn PKODrcrioN? 

No one can predict accurataly the production requirements for world 
leaderslup. We do know that the demand for agricultural pi*oducts 
has been increasing at a rapid rate since tlie summer of l 9 iKI when the 
free world took a finn stand in resisting lied aggression. "We also 
know that food is a potent instrument for winning and retaining 
friendship with other free nations. In many instances, food can do 
whnt bombs and btdkts cannot accomplisl]. 


L £i!-pTlrited bj permlislDEi from the AUdbI^ of 1^0 Aoiclfiiir FplItErAl Ahil 

BodAl AckillKp I&Str 

ibo IlfflE tllEft Klildti Wi* wrlUtP, Df. SaltEr warn CW*r of lb* nur#ilJ of Pliiat 
]ii4uatEJi ODd AeflroJtuFol EEtplnotrlai^r It- S, UL^Piruaoot Affrlculture. Ho 1 j 

now Ofer Qf tbo Soli Id the auae d^piAifttbcaL 
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ftlilkavy mobilizstlon itself stimulates the rate of cn>p constimption. 
Aliso, special military ueods must be met. Castor oil, for instance, has 
become essential to the operation of much modem military cquipnieot. 
Already tliousatids of acres are being di%'erted to the production of 
castor beans, ii crop new to American agriculture. 

This nation’s huge industrial machine, the greatest in the world, 
is leaning more and more on agriculture as a source for raw materials. 
Soybeans, for example, are the raw material for more tlian four hun¬ 
dred manufactured products, ranging from plastics to printing inlrg. 
As industrial production conditues to expand, so will the requirements 
for agricultural production to support it. 

The population of tiie United States is incrcusitig at the most rapid 
rate in th is centu ry. W© now number 150 m i llion. Popu lation trends 
indicate that our numbers may swell to 200 million wiUun a quarter- 
century, making 50 miUlon more tnnuths to feed and backs to clothe. 


Kutritional standards for a large segment of our population are 
still too low for good health. Bccent sunreys show that to meet the 
minimum dietary standards established by the National Besearch 
Council, 40 percent of Uio families need more calcium, 20 [Hircent need 
more vitamin C and some of the B vitamins, aud 10 peiTCiit need more 
protein and iron. To meet these needs would require increased pro¬ 
duction of fruits, vegetables, milk, eggs, and meat. 

Obviously, tlie future I'equirenieuts from agriculture will greatly 
exceed current production; and demand will grow piogrcssively over 
the years. 


PRODUOTION TREND IS UP 


Aheudy the requirements from agriculture are high. Demand 
has increased at a rapid rate during recent years, and production 
has kci>t pace. Farmers are now protlucing at a ivcord level. Out¬ 
put is running about 40 iiercent higher than in 1035-30, Production 
f>er hour of farm worker has increased about 50 iiereeut during the 
last decade. Per-acre crop yields have increased 30 iicrccnt above 
prewar. 

There is good reason to believe that the ]>resent rising trend in 
crop production will continue for an indefliute period, because the 
forces behind it stilt have unexpended {jower. Furthcntiore, agri¬ 
cultural science is busy developing mure new technology. 

But let there be no misunderstanding. So far, die biggest eon- 
trihutilig factors to the upward trend have been mechjiiuzation, im¬ 
proved crop varieties, crop-pest control, and better cultural measures. 
Soil improvement, too, has heljxd on some farms, but lianlly enough 
to offset soil deterioration on other farmSL On many farms soil fer¬ 
tility is still Oh the downgrade. On onr most productive lands in 
the llidwest and the Great Plains, for example, exploitive systems 
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of fanning have been followed on most fnriius since (lie very begili¬ 
ning of Ameriuvn ugricultui'e. The itilierent productivity of the soil 
has declined continuously, and is slitl going doivri, (Jains from pro- 
grams for soil conservation and from increasetl u«s of chemical fer¬ 
tilizer have not offset losses frotii soil det ei'toration. 

Eeversing the downward trend in soil plwluclivity would give 
nnotlier sharp rise in crop production, lleieln lies one of our great¬ 
est opportunities for expanding the capacity of American ngricultiue 
to produce, 

BOIL IB A KENBWAUT.R REBOURCn 

2Co longer do we coumder soil as siniplc, dead, and sterile matter. 
Our modern concept ts founded on the understanding that soil mider- 
goes continuous diaiige—some natural and some man-made. 

Soil is made up largely of small mineral particles, Yet chemical 
changes nre continually in process. Soil contains roots of living 
plants, small animals, and billions of microorganisms (bacteria and 
fungi). It is made up of a combination of solid inorganic matter, 
dead organic matter, living organic matter, water, soluble salts, and 
air. Also, climate, vegetation, and topography make for different 
patterns of soils. Thousands of dilfercnt soil tyfies have been iden¬ 
tified, Wide vurktions occur within u country, and usually the soil 
pattern varies on individual farms. Also, there is great variufion 
in the kinds of crops that diCTerent types of soil will grow—and in 
their response to management. 

Some soils are highly productive In their natural state, while otlier 
virgin soils are relatively' unproductive. Tlie degree of inherent 
productivity of any soil depends on the natural processes that build 
it. In the ifidwest, for example, the natural building process stocked 
most soils with on abundant supply of organic matter and mineral 
elements, leaving tliem highly productive. In the Soutiieast, on the 
other hand, soils w^ere deveIo|>ed under forests in a humid climate 
with little freezing and much leaching, leaving the majority of them 
acid in reaction, low in organic matter and mineral fertility, and 
relatively unproductive. 

From our modern understanding of the natural processes that build 
and cliange soils, two points of great significance are evolving; 

1. Some soils naturally infertile can be made highly protiiictive. 
Many fields once considered “worn outdare yielding crops abundantly, 
and some ivhere soil fertility was naturally too low for economic 
production are being cropped profitably. In tlie eastern part of the 
United States, the soil is much belter today on many farms tlian it 
ever was under natural conditions. 

2, Naturally fertile soils that have lost productivity through use 
and abuse often can bo rejuvenated, IMiile the practical level of 
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productivity for economic sustained production on such soils issonie- 
wliat lower than in the virgin state, high levels of productivity can 
be maluiained. Already, prcductivity is on tlic “come-back’* on many 
farms where yields were falling off hecaiise of declining soil fertility. 

The job wo faoe^is one of bringing the greater portion of the 
land now in use—both naturally fertile and infertile soils—to a 
IdgH level of economic production on a sustained basis. We need 
lo ofTsol soil deterioration, and on nmny soils go even further—biiihl 
tiiem up to higher levels of prodiietivity. 

HOW SOILS UETIUtlOllATE 

Soils deter ionite through uumcrons changes, uiany of wliich aie 
not readily visible. Deterioration can be clussilied into two basic 
types, both important but varying m to conditions. The first is actual 
removal of soil by erosion—by wind or water. The second includes 
dianges witliin tlie soil itself under cTopping — chnuges hard to detect 
on sight. Both processes oficn go on sinmitfineoiisly and affect each 
otlier. 

—Tlio physical removal of soil by erosion or wind blowing 
may in estreiuc cases render tlie soil totally unsuiled to cultivation, ns 
wdiere severe gullying occiu‘3. The moi'o usual dEimage, however, ia 
that resulting from loss of surface soil* In removing the surface soil, 
erosion usually espo^^ soil lay era that are more compact and less 
favorable for root gi^ow'tli than the original topsoil. Erosion—even 
sheet erosion^—causes prions fertility losses far greater than the weight 
of soil removed might indicate. In most agi’lcultural soils tlie plant 
nutrients—nitrogen and phosphorus particularly—ore concenlrated 
in the surface layers. Losses due to erosion are especially serious for 
those two nutrients. 

Damage to cultivated land by erosion is a serious problern in much 
of tho country. Not all soik, however, are subject to crosionj which 
naturally k related to the kind of soil and tlie slope of the land. For 
those that are, U is often necessary to check croiijung losses :utd in¬ 
crease fertility before erosion Josses can be ddecked. In an}- given 
instance the relative impoiiaTico of tlie fuctora contributing to eroi?Ion 
depends upon the ty|>e of soil, especially the character of tiie several 
layers or hori^ona and slopes, the crops grown and tlieii- culture, and 
the climate* 

Crapphiff .—Soil deterioration through cropping is sit least ns serious 
as losses I'asuUing from erosion* Tlie majority of people, however* 
are more fully aware of the damage from erosion* They do not reallKe 
lhat on an acre of fertile soil growing i\ cEiltivated crop such as com, 
the productivity decline from cropping may equal the loss of 20 tons 
of topsoil liirougli erOEion. 
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Any ngriciiUtiral soil, under any cropping syEtcm, is undergoing 
both improving and depleting processes at the same time. Even under 
natural conditions boih downgrade and upgrade processis go on, but 
they tend to reach a unique equilibrium for each level of natural 
environment. 

T\nicn placed under cidtivation, o new environment is created. 
Usually the downgrade changes are accelerated, and the soil deteri¬ 
orates. Mineral elements are removed by both crops ami drainage, 
often faster tlinn new supplies are made available. The annual plant 
nutrient removal from United States soils by crops is about three 
million tons of potash, nearly two million tons of phosphate, and 
over three miUlon Ions of nitrogen. Eieept for phosphate, not nearly 
that mndi is returned. We need to put bacli much more to build up 
responsive soils to a high level of productivity. 

Mineral nutrient removals represent only a part of tlie soil deteri¬ 
oration resulting from cropping. Ijoss of organic matter is even more 
serious. Organic matter is highly important to inherent soil produc- 
I jvity. The superiority of most productive soils is largely the result 
of organic mutter. Stable soil humus is a reservoir for about 98 per¬ 
cent of all soil nitrogen, alwut hO percent of the pliosphorus in surface 
soil, and smaller amoimta of other nutrients. It makes for good soil 
structure essential to proper movement of itir and water in the soil. 

The importance of organic matter—and the seriousness of its loss— 
is better understood when we realire that in the fcrtilo soils of the 
Corn Belt each 1 percent of soil organic matter odds about 10 bushels 
to tlio acre-yiohl of corn, Tluis, in soli with 3 percent organic matter, 
iiihereut productivity will account for a yield of about 30 bushels of 
com per acre; while in soil with fi iiercent organic matter, inherent 
productivity will account for a yield of about fiO bushels per acre. 

Organic matter is destroyed through the activity of bacteria and 
other microorganisms in tlie soil. The process is essentially one of 
oaidatiun, and requires air, Eacli time the soil is stirred, air is intro¬ 
duced and tJic rate of organic decomposition is speeded up. Xif rogen 
and other nutrients are then released to the crop, or mndc subject to 
leaching. Tliis explains why destruction goes on ao fast under inter¬ 
tilled crops such as com. 

Organic matter also functions ns a binding agent to promote good 
aggiogntion and porosity. As organic matter is depleted, soils be¬ 
come more compact; porosity Is less, which means that the soils 
become less permeablo to air and water; and tlie soil becomes more 
and more susceptible to erosion. 

BUILDING SOIL PRODUCriVITT 

If we are to revei-sc the declining trend ou the mEijorlty of nur soils, 
w'o need to determine for each farm the optimum combinations of 
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prncticca to ncliicre both consen-fttioii imd hip:li production—and get 
them into use. It is important to lindorstand that most of tlie steps 
required to increase crop yields lend to lessen the effect of soil dete¬ 
rioration from cropping and reduce tlie erosion hazard. 

Seldom can our goal be achieved by a single practice. Instead, in 
nearly all areas, a sound program of land use will include a combina¬ 
tion of such practices as adequate liming to control soil reaction, ad¬ 
equate acreage of legumes and grasses in the cropping system, return 
of adequate quantities of plant residues, including the piopor conser¬ 
vation and use of animal nmmtres, use of adequate amouuts of niinerel 
fcrtilixer, improved treatment and management of pastures, and spe¬ 
cial erosion-control and water-conservation measures. Cropping sys¬ 
tems and management practices must be adjusted to the capabilities 
and needs of local soil types. 

lJ)7>e.^On most soils east of the Great Plains lime is a basic factor 
in building soil productivity. By far the most effective method for 
overcoming soil deterioration, brought about by erosion or due to chem¬ 
ical and biological forces, consists in expanding the acreage devoted 
to tho soil-iiuilding fuxl legumes. The successftil e.stablishment of 
theselegnmocmps req u i res a fair nbu iid ance ofUmeintbesoil, Only 
by liming acid soils can they be made to grow tiie more edicient 
soil-improving legumes. 

Despite largo increases in fho use of liming materials, especially 
since tlifi introduction of the Agricultural Conscn'ation Program, the 
annual return of lime to soils in the humid area Is still fur short of that 
needed to offset, removals by crops and drainage. Farmers arc now 
applying lime at an annual rate ranging from 25 to !50 million tons, 
which is eight to ten times as much as they were applying 15 years ago. 
Yet., it st ill falls far short of needs. Most acid soils need a substantial 
application of lime eveiy four or five years. Profitable use can be 
made of two to three times the amount now being applied. 

Limestone resources of the United Slates are ample to supply liming 
matcriftTs at such high levels for hundreds of years, 

f.fffumes and grasses .—Hie values from including grasses and le¬ 
gumes, especially deep-rooted legumes, in crop rotations have long 
been recognised. They are our best antidote for the destructive effect a 
of low-crop cultivation. Yet too few farmers use enough of them. 

Ijong-tiiiio field experiments have revealed that each time a full- 
season ciiUirated crop is grovra without return of residues, the soil 
loses through biological oxidation about 2 pereent of its oiganic matter 
and nitrogen. (Erosion frequently causes additional loss.) Under 
small grain, the annual loss is about half as great—or 1 percent. 

These experiments also show that growing legume sod crops in the 
rotation will offset these losses. Gains from a crop of red clover, even 
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with the hay removed, about olTsct the lo^es from a crop of coru. Al¬ 
falfa and sweet clover are oTeu more effective tu contributitig organic 
matter and tiltrogeR to the soil. They will almost offset losses from 
a crop of both com and small grain. 

Deep-rooted crops are the major factor in maintaining structural 
stability and permeability, aeration, and drainage in the deeper soil 
layers. In addition to the physical effects, deep-rooted crops feed not 
only in the tojKoil, but also in the subsoil. .iVn active root system is 
about the best defense against nutricnt-leacliing losses. Decomposition 
of root and crop residues of such plants releases into the surface soil 
nutrients that come from deeper layers. 

On sloping soli subject to erosion, legume and gross mist tires are 
better than either legumes or grasses alone. Legumes famish needed 
nitrogen while grass holds the soil from eroding between the crowns 
of legume plants. 

Urown alone or in combinstion with grasses, deep-rooted legumes 
leave large residues of or^iic matter and nitrogen within the soil 
even when the tops are removed as hay or pasture. They improve soil 
tilth and drainage and effectively protect the soil from the erosive 
impact of rain. Plowing down a good two-year stand of alfalfa, for 
example, will leave in tlie soil more than 3,000 pounds of dry weight 
of roots and 80 pounds of nitrogen per acre. 

Critics of this system maintain that it takes too long, 'fliey say 
that by following tliis route for building soil productivity wo shall 
need to sacrifice some immediate production, and that farmer income 
will be impaired. Recent research findings suggest otherwise, pro¬ 
vided the cropping system for a farm is planned for nn extended 
period, such as 5 to K)years. While the cost of shifting often regulrts 
a temporary economic sacrifice, the new system soon becomes mors 
profitable than the old. 

For example, in a four-year rotation of com, wheat, alfalfa, alfalfa, 
in Ohio, with the use of only moderate levels of mineral fertiliser over 
a 13-year period, corn produced an average yield of CS bushels per acre, 
wheat 41.8 bushels, and alfalfa averaged three tons of hay each year. 
At current farm prices this would pei-mit rcaiiKing a gross return of 
more tlian $100 per acre during each year of the rotation. WiUi 
liberal applications of fertilizer, yields were substantially liigher, A 
farmer following such a system certainly is not sacrificing farm 
income. And he is maintaining soil prcHiuctivity while producing 
at a liigh level. 

In straight com-smail-grain rotations, substantial gains can be 
realized from the use of legumes as a catch crop with small grain, to 
bo plowed under the following spring before planting to com. In¬ 
creases in com yields as much as sli bushels per acre an? possible under 
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a %pell-jTiari 0 ged plan- Many Corn Belt farmers already follow this 
practice, but not nil of thorn. Even many who do, fail to realizo the 
full potentiali^ from the sjstem, Hecont osperimeTitAl evidence 
strongly indicates that on many soil types, use of adequate amounts of 
mineral nutrients will give a substantial boost to the sy^rUp 

In the Com Belt there are at least 7 or B million acres of ^all grain 
planted each year without au accompanying legume—where a legume 
could be used. Probably on another 7 or B million acres^ legume 
stands are poor ov fail because of inadequate fertilization or for other 
reasons that could be corrected. In total there are between 10 and 15 
million acres of small grain where potentialities from a legume catch 
crop are not being realized. Increases in corn yields resulting from 
tins practice would vary, but a conservative estimate would be from 12 
to 15 biti^hels per acre. 

If all such small-grain acreage in the Com Belt is proporly fertilized 
and seeded with a legume crop for 1052 and is plowed under as green 
manure in the spring of 1953, it can easily increase com production by 
200 million busliels in 1953^ Such a system certainly is not sacrificing 
immediate productiom And the legume crop in such a rotation, 
accompanied ivith the use of adequate fertilization, would about offset 
the losses in soil productivity from both the corn and small-grain crops. 

Similar gains could be realized from other uses of iegumes and 
grasses. Recent e:spcriinents have shown, for example, that on much 
land^ improved meadows and pastures can l>e made to produce as much 
total digestible nutrients per acre as high-yielding com crops, and at 
less cost and willi less labor. 

Anirml ntxmwren and crop rehmn of crop residues, 

including animal manures, is a highly imjwrtant factor in building 
soil productivity. Much crop residue is now- being returned to the 
soil, but we lire not realizing the full potential from animal manuros— 
nowhere near it 

One billion tons of manure, the annual product of livestock on 
American forms, if completely recovered, carefully preserved, and 
efficiently used, should produce si^c billion dollars' w orth of increase in 
crop production. The potential volue of tills agricultural resource is 
three times that of the nations wJieat crop^ The organic-mutter con¬ 
tent h twice the soil organic matter destroyed in the growing of the 
naiiorfa grain and cotton crops. 

JTot more than one-fourth to one-third of the potential crop-produc¬ 
ing and soil-conserving valuo of animaUmamire resources of the coun- 
tiy is now realized on harvested crops. That it ia economically feas¬ 
ible to prevent much of this loss has been conclusively demonstrated 
both experimentally and by farmers in Europe and in this country, 

.minimal manure b valuable in several ways. It increases the size of 
crops, tends to le^isen the effect of destructive crops, and increases the 
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effect of BCcumulatiTc crops. Manure also contributes directly to tlio 
humiui content of the soil, since it supplies both organic matter and ni¬ 
trogen, For a given amount of plant nutrient supplied, manure adds 
about twice as much to the humus content of the soil as do chemical 
fertilizers. About half of tlie conservation effect of manure arises 
from increased residues from tbe larger crops grown, wliereas the other 
half n'prcsonts the direct contribution from the organic matter sup¬ 
plied in the manure itself. Eight tons of manure per acre 1ms hal f us 
much effect on soil productivity as a crop of clover, 

1 can think of no single improvement in farming practice that would 
yield as big dividends in soil conservation and improved soil produc¬ 
tivity as the general adoption of practical and effective measures for 
the pretH^rvation and use of animal manures. 

Chemical feriilisen . —The use of chemical fertilizers in farming is 
already making a substantial contribution to our productive capacity. 
During the last 10 years fertilizer use has increased two and a half 
times. Consumption in 1949 totaled 18,542,01)0 tons compared with 
7,012,000 tons in 1939. Fertilizer now accounts for about 25 pei'cent 
of the total United States production. 

Recent experimental findings suggest hundreds of new opimrtiiitities 
for increasing crop yields through greater use of fertilizers. Usually 
the opportunities are greatest w hen fertilizer is used in adequate quan¬ 
tities ill combination wjtli several other improved practices. The 
gieatest returns from the use of grccii-manure legumes, for ioslnnce, 
come w’hcn iilghcr rates of phosphate and potash fertilizers arc niiplietl 
to the green-manure crop. 

Evidence from east of the Great Plains and irrigated areas clearly 
indicates tlmt tlie use of balanced fertilizers on grasslands, in conjunc- 
tion with other improved practices, could easily double forage pro¬ 
duction on 250 million acres of grasslands. Other exiieriments sdiow 
that on intensively cultivated crops such as cotton, tobacco, and jiota- 
toes, where heaii'y applications of phosphate and potash hove been useil 
over a long period of years, these elements have accumulated in some 
soils to a level where continned heavy usage is unecononiital. On much 
other land, liowevcr, use or heavier use of these elements would i iicrease 
yields. 

Ikfore extensive use of nitrogen fertilizer on crops holds tlie greatest 
of all [lotentialities among the various fertilizer elements, provided 
that nitrogen is not used as a substitute for legumes, manure, and other 
sources of orgnnic matter, or to overcultivate sloping erosive soils. 
tVe are just beginning to appreciate the values that t»ii be gained 
from heavy applications of nitrogen fertilizers. Agionomista in gen¬ 
eral are raising their sights os to the quantities that can he used 
efficiently. 

0St44E—E2 - 32 
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In the Southeastf for wc have found that with heavy appli- 

ii^tioDs of nitrogen in combination with the use of adapted corn hy¬ 
brids^ closer plant spacing^ and improved cultural practices, com can 
bo made to produce yields comparable to those produced in tlie Cora 
Beltw Farmers in Virginia and North Carolina have doubled their 
average com yields during the past five years iinder this system. And 
many farmers have not yet put it into use. 

In my opinion, these States have so far realised only about half of 
the gains possible from tliis system. If the system were applied to all 
the present corn acreage in southeastern States^ corn production in 
that a rea could be increased at least 25fi million bushels annu a1 ly. This 
would require the use of about ^25,000 tons more of f eililizer nitrogen. 
Increased use of nitrogen fertilizer would also build up soil produc¬ 
tivity. At best, crops recover no more than 60 percent of applied 
nitrogen. 8omc not recovered is lost through leaching, but much of it 
becomes fixed in soil humus. This is evident from the fact that farm¬ 
ers harvest bigger crops of oats following corn from fields whore 
nitrogen fertilizer has been applied. 

Our current production of fertilizer nitrogen falls far sliort of sup¬ 
plying the element in quantities needed for more widespread use. 
Tliat situation, however, can be corrected. Since flynthetic nitrogen 
can be manufactured by fixation of nitrogen from the atmosphere, 
supplies are limited only by the capacity of chemical plants to pro¬ 
duce it^ 

With phosphate ond potash^ on the oOier hand, we must depend 
on natural deposits to fill our needs. These resources, however, are 
adequate* If the present world consumption of phov^phates were 3 
times greater, I he known world reserves would last more than 2,000 
years. If the present consumption of potash were IS times greater, 
the known world reserves would last 500 years. And the world has 
not been tlioroughly explored for these minerals. Here in this coun- 
try, for example, we have huge deposits of potash—more ilifEcult to 
process than those now being used—that are not now being worked 
simply because they cannot be exploited in competition with current 
source 

UoTiserving water and controlling crouton. —Recently wo have ac¬ 
quired much new knowledge about soil-crop-moisture relationsliipa. 
Although no successful way lias yet been found to produce rain, 
methods are being devised to make better use of what nature hands 
out* Experiments with various crops have consistently demonstrated 
that soil moisture and soil fertility must go hand in hand for the 
most effective production^ Higher yields, which result from im¬ 
proved soil and crop practice^ place a heavier drain on soil moisture. 
Practices that conserve w uter as well ag soil hava the greatest bearing 
on production. 
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Tlicrts tirfl real opi>ortiinlti6a in jualcJiig more ellicieiit x\^ of the rain 
water that falls on the land* In the humid area—east of the iliaais- 
sippi—wo are losing about one-third of tJ^e annual rainfall through 
runoff) which underscores the importance of soil and crop practices 
that conserve moisture and make more efEcient use of it. Numerous 
improved tillage and terracing practices that conserve moisture are 
already in use. Other pmetices tliat will servo tliis end are now being 
developed. Extensive use of euch meaaures can do much to increase 
production and reduce losses from erosion. 

Farxuing on the contour, for example^ can reduce water runoff and 
erosion losses and increase crop yields on millions of acres of eloping 
land where contouring is not now being practiced^ The Soil Con¬ 
servation Service in cooperation with State experiment stations has 
gathered much erideoce on this point, fieports from Iowa show that 
contour farming cuts soil losses in half and raises corn yields as much 
as 7.4 bushels per acre. Reports from Illinois show that corn yields 
T bushels per acre more on contoured ffclds than on delds cultivated 
up and down the slope* IVork in IlliiioiB) lowUi and Missourij showed 
between 11 and 12 percent increase in soybean yields from contouring* 
Evidence fmin 10 States sLovi"b tliat average wheat yields were in¬ 
creased 20 percent by oontoimng. 

Of coursCy the greatest value from conservation practices results 
when tliey are used in combination^ as demonstrated by studies in 
Indiana. Here, adequate fertilisation, liming, return of crop resi¬ 
dues, and contouring in a four-year rotation of com, soybeans, wheat, 
and grasS'legume meadow' resulted in 34 bushels more com, 7 bushels 
more soybeans, 7 bu^bels more wheat, and an extra ton of hay, per 
acre. Without conservation farming, the soil lost 12.6 percent of the 
rainfall during tlio growing season* Runoff under the conservation 
treatment amounts to only 5.1 pe^cc^st^^ Thus, the improved measures 
saved 7*5 percent more rainfall during the growing seasom 

There is good opportunity, too, for materially increasing the po¬ 
tentialities of some soila to hold water and grow crops by deepening 
the zone of soil in which roots can grow. Most prwluctivo soils are 
cbaraGterIzed by deep friable surface layers- In tliis country wci have 
lost much topsoil througii erosion. Furthermore, the soils over ii 
large area have naturally sliallovv surface layers. 

We are exploring the possibilities of improving the structure and 
nutritional qualities of the subsoil as a means of expanding the rooting 
zone for plants. Remarkable increwaea in crop production have been 
pixKluced in this way on some soil types. It is not unreasonable to 
expect that we could substantially deepen the root zone in many soils 
and moke available to cro [>3 increased quantities of both plant nu¬ 
trients and water through the use of deep-rooted legumes in cropping 
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^stems^ deep tiiluge, and the incorporation of lime and fetliliKef in 
tho deep soil layers. 

IVe need to make mudi more extensive use of winter cover crops 
on intertilled land. Leaving the ground bare over the winter pro^ 
motes Iq^ by erosion. For the South in general, adequate cover 
crops are available. Still, more than M percent of the cultivated 
land goes througli the winter unprotected. For years we have taken 
for granted the bare fields with brown cotton stalks and broom sedge 
all tlie way from Virginia to east Texas. No^v, with practices de¬ 
veloped flnring t!ie last 20 years, fields oould be green with growing 
crops the year around. Ifere the agricultural plant can work on 
8 12-month basis, contributing to both soil conservation and increased 
production. 

ROIL PRODUOTIVITX CONDITIONS BY REGIONS 

Again I ^vant to emphasize that no single practice will accomplish 
the combined goal of increased production and soil conservation. 
Tlie goal can be met only by balanced appliention of known soil and 
crop management teclmiqucs in accordance with specific soil charac¬ 
teristics and needs. The complexity of the problem is apparent when 
we examine the tjqies of soil and how they deteriorate in various 
parts of the United States. 

Fur TFm/* — T he prevention of saline and alkali soil conditions 
i& one important factor in the conservation of soil pi-oductirity in 
western irrigation tandjf, Aecimnilatioii of salts in the soil is one 
of the most difficnlr prohlcnt^. In many insjtanceSj salMaden water 
is the only source available for irrigntionH 

Also, the structure of heavy soils is deteriorating under certain 
h rigation and cropping systems, making it difkcult to get irrigation 
water into the soil. There is increasing evidence, too, that corLtinued 
soil productivity will require the maintenance of considerably higher 
levels of nitrogen. The use of phosphorus fertilizers is also Increas¬ 
ing under irrigation. But for many yeary to come, the maintenance 
of prot>er salt balance and the conservation of good soil physical 
properties must be the most, important criteria of good land use 
in this area. 

Great Pluim . — ^In the Great Plains, moisture rather than plant 
nutrients has Ijeeri the primary factor limiting the productive ca¬ 
pacity of the soils. Subsurface tillage^ fallowing, and other cul¬ 
tural practices designed to leave crop residues on the soil surface 
are used to conserve both soil and water. Protection against soi.1 
blowing is a particularly important step in sound land use here. 

Despite improvements in mulching and oubsiirlace tillage, land 
use in this area has been primarily exploitive in nature. Although 
cropping has not yet generally depleted soil fertility reserves to 
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limiting values, it Ss only a inattei' of time mitil it will. Continued 
cropping to wKent combined with fallowing and roW’Crop cultiva¬ 
tion lias already restilted in the loss of one-third or more of the 
organic matter and nitrogen originally present in these rich soils. 

So far we have not been able to develop ii system that will main¬ 
tain soil organic matter ami nitiogen in this area, iVe still do not 
have a legume crop adapted to the 200 million acres of dry land in the 
semi humid regions. Productivity cannot be maintained under our 
present system. From the stand(mint of long-time food anti feed sup¬ 
plies ill this country, tlm problem of maintaining the soils in the dry¬ 
land area is one of the most serious we face. 

Northeast and north cen/rof.—In the northeastern and north cen¬ 
tral States soil deterioration is widely varictl. In the Xortheast, 
where soils were naturally infertile, soil productivily is now on tlic 
tipgmde on hundreds of thousands of farms. In the Midwest, how¬ 
ever, prevailing farm practices have led to a progressive decline in 
the organic matter and nitrogen content of the soil. In places this 
loss has aniounted to as much as one-third lo one-half of the original 
content. And tJie decline is still going on at rates estimatcil as high 
as 1 percent jier year in the middle Corn Belt. 

This has the effect of impairing drainage, water iiifiUration, soil 
aeration, and ability of soil to yield up nutrients to croiia. Crops 
seem to suffer more in dry weatlier. Many fanners have found it 
necessary to install additional tile lines on land that once drained 
satisfactorily. On sloping soils, erosion is taking a heavier toll, as 
compaction slows Intake of water and increases runoff. 

Here we know hoiv to manage soils so as to maintain organic 
matter and nitrogen. The problem is to get these management [irac 
tices into widespread use. 

Southeast.—Ill the southeastern States, conservation and rehabili¬ 
tation of soil resources probably offer as great a challenge—and oppor¬ 
tunity—as anywhere in tlie country. Soils here were already highly 
leached before tliey were put to agricultural production. High rain¬ 
fall and tcmijcratures continued to favor rapid organic-matter docom- 
pusition and loss of soil minerals by leaching and eroaion. 

It has been estimiitcd that in the Piedmont region, two-thirds of 
Uie land that has been cultivated has lost part or all of its topsoil, 
and in many cases some of the subsoil. Erosion and gullying have 
been so seven! that thousands of acres have been abandoned for crop 
production. 

Most of these soils, however, are very restjotuiivc to fertilization 
and other good management practices. They can serve us esceilent 
media for plant growth. Climatie conditions tliat have made these 
soils what they are also offer utmsiial opportunities for increasing 
levels of productivity. 
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Thfl &9ilj^ titer, and fertilizier resoarees of tfae United States are 
ample to meet nil feireseetible jnequirements of world leadership. In 
fact, they are more than ample—provided we use them intelligently* 

Farmers are now using 405 million acres of land for the production 
of ci'opR* Also, TO million acres of pasture land are cropped oc¬ 
casionally in laiig-time rotations. An additional C42 mill ion acres 
of oiien grassland and 350 million acres of woodland are used for 
livestock gracing. Over most of this area we can reali^ both in* 
creased production and soil coiiaewution through the £ipplication of 
available knowledge. 

In addition, there are big opportunities far expanding production 
by bringing idle or unproductive land into use* Along the cast coast* 
and Golf States tliere is a huge area of swampland that could be 
drained ond put into production. With modem engineering devices, 
the water tnblo could be lowered and controlled on much of this area. 
Some goveminent and private profects are ali'eady under way. Tliere 
is every reason to believe tliat these soils wonld be highly productive. 

On hundreds of thousands of farms throughout the country there 
are corners or patches of idk wet land, often several acres in siio, that 
could bo drained and miide productive. All they need may be a short 
drainage ditch, a tile line, some weed or brush killer, fertUker or 
manure, or a few hours witli a bulldozer, Tlie production capacity 
of many farms can be increased by putting sueb idle land to ’Work, 

There are thousands of fanua ifi tbe humid Slates ’where water 
is availuble and where the necessary Lnve^itment iti irrigation might 
pay, Tlie niediuiti anti large rivera and streams in eastern United 
States that flow coiitlnuo^isly the year around number well over one 
liundred* There are millions of acres of welbdrained land adjacent 
to these streams, Modern engineering would permit tapping these 
streams to apply water from tliem for supplemental irrigation ’H.'ith- 
out damming them up, Tlia opportunities for using river water to 
supplement rainfall on the rich valley lands of eaotorn United Statea 
are enormous. 

Id the arid west, large areivs could be freed or kept free fiom salts, 
irrigated from avaliable w ater supplies, and brought into production. 
In the Columbia Elver BEisin, for instonce, irrigation farming with 
water from Grand Coulee Dam will get under way in 1952. During 
the nest few years a million new- acres are expected to be brought 
into production in tim project alono. The Bureau of Reclamation 
estimates that there are IG,839^000 acres of irrigable new knd in the 
western States. 

Also, in tlio Southeast^ little if anything is being produced on mil- 
liong of aeres of poor grazing larid, unpjoductive w'ctodknd, mid low- 
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yielding cropland. Wliile effective use of tliis land is a pi^blcm of 
long standing^ recent discoveries suggest tremendous opportunities 
for using much of it in the production of milk, beef, and other live¬ 
stock products. Tlurough the introduction and creation of new and 
better legumes and grasses and the development of improved fertilizer 
and soil-management practices for efficient forage production, much 
of tlus land could be used for efficient livestock production. In 
Florida, for ezomple, tliousands of acres of llatlaud originally grow¬ 
ing pine and palmetto have been cleared, timed, fertilized, and seeded, 
and are now producing beef cattle profitably. Hero alone, several 
million acres could be brought into production. 

Obviously, there are sizable opportunities for expanding produc¬ 
tion through the development of idle or unproductive land. There 
can bo no question. Our soil resources are adequate. The job is to 
use them intelligently for sustained production with conservation. 
This involves two important areas of action: (1) continued and in¬ 
creased effort in crop and soil research to provide additional impro-ved 
tcclinology and to give greater precision to our recommendations; 
(2) continued and increased effort to coordinate and unify educational 
and service programs concerned with production and conservation to 
reduce lost motion and to speed adoption of balanced programs for 
efficient, abundant, and sustained production on individual farms. 
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The Carbon-14 Method of Age 
Determination ^ 


By Feeank IL li Jr. 

Asio^tai^ iKrefiffr, Bureau e/ Ammctm Eihnohffy 


Durinc the period immediately following World Wsr II an impor¬ 
tant byi>rodnct of research on cosmic rny*:s was the development of a 
method whereby the age of certain objects can be determined by 
Inbomtorj' teats. The latter are based on the carbfin-U content of the 
objects, and their results ut>doubtedly will be extremely useful in ar¬ 
cheology, several bciinches of geology, oceanography, metcorologj^ and 
related fields where chronology is essential to the solving of many prob¬ 
lems, Previous types of ‘^calendars,” such as tree-ring dating, pollen 
analysis, and glacial vaxveSj were helpful in restricted areas but wxro 
not universally applicable. Tliis latest method of age determination 
docs not suffer from that handicap. For the first time it now appears 
that prehistoric dates that are virtually precise can he obtained from 
samples from any region in the world. Tlie method has some limita¬ 
tions and an occaMonal test goes awry, but as the techniques are 
improved the age determinations unquestionably will l>econie more 
acciimte. 

Carbon 14, a radioactive heavy form of carbon with an atomic 
weight of H in contrast to the normal, stable carbon atomic weight of 
IS, is continually being formed in the upper atmosphere of the earth. 
It rcsiilts^ from the bombardment of nitrogen-14 atoms by cosmic rays, 
streams of nctif rons flowing toward the earth from outer space. Tlio 
new carbon-14 atoms lliug formed, commonly called radiocarbon, 
begin an immediate sixmtaneons diamtegrat ion but enough remain to 
combine with oxygen to form carbon dioxide which eventually mixes, 
in the air that surrounds the earth, ivith the much larger proportion 
of carbon dioxide containing or<Unary carbon, All living things 
which ab^rb carbon dioxide from the atmo^spiiere take in sonte of the 
carbon 14 as well as the carbon 12. The proportions iietueen the two 
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have been shown expofimcntally to be constant in all living matter. 
The radiocarbon constantly disinte^atos, but it is continually replnocd 
through the life processes which arc in exchange with the ntmosphero. 
Wlicn an animal or a plant dies there is no further replacement of 
carbon 14. That remaining, however, continues to disintegrate at a 
rate that is the same everywhere. For that reason the amount of 
radiocarbon still present is in direct proportion to the time that has 
elapsed since deatli occurred, and by measuring the constantly 
diminishing rate of disintegration it is possible to calculate the age of 
on organic sample. 

It is not possible in an article of this nature to explain and discuss 
in detail the scientific processes involved in radiocarbon dating, but 
the main features in the development of the method should be men¬ 
tioned. In 1D34, not long after the discovery of artilicial radioactivity, 
Dr. A- V. Grosse suggested that the existence of radioactive elcmei^ts 
produced by cosmic rays would be established (Grosse, IDS-l). Some 
10 years later Dr. \V. F. Libby, of the Institute of Nuclear Studies of 
the University of Cliicago, predicted ihst living matter would be 
found to contain natural or “cosmic” carbon 14 (Libby, 1340). The 
next year he and Dr. Grosse tested methane gas derived from sewage 
and found the expected amount of carbon 14 (Grosse and Libby, 
1047). Dr. Libby and his associates then proceeded to demonstrate 
cxj»rimcntally that carbon 14 occurs in the same concentration in all 
living matter. In doing this they tested living material from many 
parts of the world—from dillcrent latitudes, altitudes, and different 
geogtAphical situations (Libby, Andei-son, and Arnold, 1040). The 
materials consisted of wood from Chicago, Mount Wilson, Now Mex- 
iro, Bolivia, Ceylon, Tierra del Fuego, Panama, Palestine:, Sweden, 
New South Wales, and North Africa ; sea shells from Florida; and seal 
oil from the Antarctic. 

In the course of the various studies it had been determined that 
the half-life of carbon 14 is about 5,5G8 * 30 years, which means that 
One ounce of the material is teduced by decay to half an ounce during 
the 5,508-year period and that halt of the remainder decays during 
the next 5,568 years leaving a quarter of an ounce, etc. (Engalkenieir 
and Libby, 1050; Jones, 1048; Miller et uL, 1050). Because of this, 
Dr. Libby was convinced that the amount of carbon 14 present in any 
particular object would be an Indication of the age of that object and 
proceeded to develop a metliod for measuring it. This involved tlie 
perfection of a specially constructed and extremely sensitive screen 
wall counter, a form of Geiger counter, which would measure the rate 
of atomic disintegration of natural carbon 14 without the use of a ther¬ 
ms! diffusion column. The problem also included tlie development of 
a complicated chemical sepamtion unit to retluce the carbon 14 to its 
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purest fonn. In running tests the smnples to be dated are burned^ 
treated in the separation iinit^ and then measured in die radiation 
counter. The measurements are given on the basis of Uie carbon-14 
disintegnitiona per minute per gram of carbon- For present-day living 
satuples tlie epeeific activity is 13,3^ for samples 5^508 years old it is 
7My and for samples 11,130 years old it is 3>83, The disintegration 
rate is such, however, that the proportion of radiocarbon remaining 
after 20,000 years is so small that accurate counting is very dilbcuU 
and the effective range may bo considered somewhat less than tliat 
Bge. There is a method for enriching samples which may make possi¬ 
ble the obtaining of dates as far back as 30,000 ycarSs but that at 
present appears to be the maximum. The errors in the dates now 
being obtained are considered to range from 5 to 10 percent 

When the lalioratory equipment was ready Dr. Libby and bb 
associate, Dr. James R. Arnold, ran a s^ies of tests on samples whose 
ages had been fairly accurately established by other means but which 
were unknown to them, llaterial, ranging in age from 1,?00 to 4^000 
years, from Egyptian tombs, from archeological sites in our own 
Southwest, end from redwood trees was provided by different muse¬ 
ums, and it was found that the carbon-14 date^ obtained for them 
agreed with the known ages within the calculated error of the method. 
In making tho preliminary tests it was found that the most useful 
materials are plant fibers and wood, cliarcoal, antier, burned bone, 
sliell, dung, and peat. 

Arrangements w^ere then made with a committee representing Hie 
American Antbropologica! Association and the Geological Society of 
America to obtain samples for testing and a grant was made by tlie 
Wenner-Gren Foundation for Antliropological Research {tlm Viking 
Fund) to assist in the 6upp«Jit of tlie program. Archeologists and 
geologisfa began sending in the necessary materijils and the series of 
tests got under way in the spring of 1949. Annoiuioements of the 
dates obtained were made informally from time to time, but it was 
not until October 1950 that a lengthy sories wa^ made public. Tliat 
list was printed in February 1951 m Science, vol. 113, No^ 2027, pp. 
lll-iao. An additional list appeared in the same journal, voL 114, 
No. £&60, pp. 291-29G in September of that year. Most of the infor¬ 
mation contained in those articles was also published, with discussions 
of its significfinee, in the ilenioirs of the Society for American Arche¬ 
ology, American Antiquity, voL IT, No. 1, pt 2j 195L 

The method devdoped by Dr. Libby and the results obtained indi¬ 
cated so many potential applications for radiocarbon dating tlinL 
new laboratories for making carbmi-14 measurements have been ostab- 
lislied at Yale University, tfie Univei’sity of Michigan, Columbia 
University, and the United States Geological Survey. Others are 
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contetiiplated and perhaps even rtow are uuder way. TJie first fieries 
of measureinejits by die Luiiiont Geological OI>aen‘ntt>ry at Columbia 
Unirersity wiis iiimouitced in Science^ vol. 114, Ho. 2970, in Xorember 
1951. 

From the stundimint of archeology, most ol the dates rejiorted thus 
far have been fairly satisfactory, but in a number of iiistuiices tlici'O 
apjjears to 1)0 a contradictiou between the arL-heoIogicnl evidetico niicl 
the age obtained from tlie carbon-14 tests. One factor to be consid¬ 
ered til Uiis connection is that the older inntcnnl appears to be more 
consistent than that of relatively recent times, and even dm ugh the 
error in the method may tiiiibe a difference of several Imndred years 
in the actual chronology, the insults arc very helpful and will aid 
materially in making tlia syntheses of cultural relationships and devel- 
opnicnts that are essential to an understanding of past history. For 
many people greatest interest probably attaches lo the archeological 
remains that fall w'ithin what may be callei] geologic time. The re¬ 
sults in tills Early Man category are in some resjjects os surprising as n 
few of those in other fields, but on the wliule Uiey are reasonably 
satisfactory. 

In the Uniteil States the age of the well-known Folsom oompleic 
caused consiilei'able comment when tJie figure {lertaining to the type 
site was released. As a matter of fact, that dLscussion has cotititmed 
actively to the present. Unfortunately many of the arguments it 
produced were not necessary because the announced date was not tlmt 
of thu cuUnre-bcaring Imrizoti of tho Folsom complex but tlmt of a 
fire pit in the fill of a secondary clmtincl that, Imd cut through the 
original dejiosJt of Ijison bones and uilifucts. Sucli was known at the 
time when the first annoimcemcnt was made, but imfortunately the 
explanation accompanying the date was not clear. If, as the gwlo- 
gists who have exatnined this site niaintaineil, die cultural straiuiu was 
of very late Tleistoccne or early llecent age (Brown, 1020 { Bryan, 
1937), the date of 4,283±250 * years obviously was wrong or else the 
geologists were greatly mistaken in (heir identification of the deposits. 
Subsecjueutly material from a Folsom horizon at laibbock, Tex., was 
tested and a carbon-14 date of 9,Stl3±3C0 years was obtained. The 
latter more closely approximates the magnitude estimated for FoLsom 
on geologic evidence. '11 lo deposits at Luldxick, in the opinion of 
Dr. E. II. Sellards of the Texas Memorial ISfnseum and hia associates, 
corrdate closely wiih those at the site in the Black Water Draw near 
Clovis, If. Mex., which Dr. Ernst Antevs has identified tus belonging 
to tt pluvial period which ho believes coi'i'esjmrKls to the end of the 
Pleistocene and has esdmated the nge as tiring from 10,000 to 13,000 

•1^ *rroTi, lu^laatn] for oU a»b» tro otoDOonl <k«Ti»tJ«M bu«l tolfir on Ibe rrruf of 
fiOnatlhK niB4«|q otmiH. OOior erron pfolioMj- otv Iniiolvnl onO I bo true error will bo 
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years (Antel's, 1949). It is poajiblei, of coiiise, tliat some of the ma¬ 
terial at Clovis is older than the Lubbock site, because the Folsom 
culture undotibteiily lasted over u reasonably long period. Also, cer¬ 
tain faunal differences suggest « greater age for some of the Clovis 
manifestations. Tlie difference between tbo carbon-14 date and Dr. 
Antovs’ estimate is not too greati however, and it seems a fair assump¬ 
tion that the general idea that the Folsom complex is about 10,000 
yenre old is not far out of line. 

Tlie late Dr. Kirk Bryan and Dr. Louis L. Hay, after completing 
their studies at the Lindenineier site in northern Colorado, another 
Folsom location, estimated its age as from 10,000 to 25,000 years, with 
the statement that they believed it nearer the latter than the former 
(Bryan and Ray, 1940). llius far it has not been possible to obtain 
charcoal or other material suitable for carbon-14 tests from tlie cul- 
tunil level at tliat location and it is not known if the estimate is too 
great or if perhaps the occupation there was earlier than at the simi¬ 
lar sites farther south. (Geologically the age ap^wars to be somewhat 
older. Br^'an and Kay concluded that the occupation at the Liiiden- 
nieier site was in Wisconsin HI times or Into Alankato. Of interest in 
this connection is the fact that some early sites on Lime Civek in 
w'estern Nebrasluv have beeir correlated with the JIankato (Schulte 
and Frankfurter, 1949) and carbon-H dates of 9,534^4.10, and 
10,493^1,500 have been announced for them. Tlie cultural material 
is not Folsom, but projectile points of the tyjjes found there have 
been collected olsewtierc at sites where the characteristically fluted 
Folsom type occurs in a lower and older stratum. Dates for the 
Mankato, baserl nn materials from other localities, have consistotUly 
run between 11,000 and 12,000, or an average age of 11,400 years before 
the present. 

Other arcbeolt^cal remains of about the same age on the basis of 
carbon-U dates are Gypsum Cave in Nevada, with an average of 
10,455^ 340 for the O-foot 4-inch level and an average of 8,527±250 
for tlie 2-foot 6-inch level; the Fort Hock Cave in Oregon, 9,053^350; 
lUid Pa Hi Aike Cave at the tip of South America, with 8,639 + 450. 
The deposits in Gypsum Cave where the oldest artifacts were found 
have been correlated with a dry period immetUately following the 
Provo Pluvial and the age estimate was placed from 7,000 to 9,000 
years ogo ( Antevs, 1948). In that particular case it appears that tlie 
estimated and the carbon-14 dates ate in fairly close agreement. 
Archeologically such an age would not be unreasonable, although 
there is still some question os to the contcmporaiieity of the associated 
wooden objects and the sloth dung from which the date was obtained. 
In connection witli the Gypsum Cave dates it might be noted that the 
accumulation of material between the 6-foot 4-inch level and the 


340 ANNUAL REPORT SMITHSONIAN JNSTITUTION, 1051 

2'foot d-inch level, a depth of a little less than 4 feet, represents 
approsimately 2^Utl years. 

'I’Jie Fort Bock Care in Oregon is particularly interesting as well 
as somewhat puzzling. At that location a large number of fiber 
sandals and some basketry were recovered from beneath a layer of 
pumice which has been identified with the Newberry' eruption that 
presumably followed that of the SFoimt Mazania eruption which pro¬ 
duced Crater Lako (Crewman, Will ianas, and K reiger, 1040), The san¬ 
dals were tested and were found to have an average age of 9,053± 350, 
the oldest actual artifacts thus far dated. Tf the assumption that 
the Newberry eruption followed tlmt of Mount Mazama is correct, it 
appears that there was a considerable interval between the time the 
sandals were left on the floor of the cave and when they were coveroci 
by tlio pumice. The Mount Mazama eruption has been dated by n 
cartK)n-14 of clmrcoal from a tree killed by the eruption and die 
age 6,453—250 was obtained* ^?illlains had previously 

estimated it to be between 4,000 and T,000, Allison {1946) had placed 
it at 12,000 to 14,000; and Hansen (1046), on the basis of pollen stratig- 
raphy, suggested 12,500 or somewhat later. The Jiiaximutn, undiw 
the circumstances, for the Newberry would appear to be somewhat 
less than the 6,453^250 of the Mount hfuzania and it may well have 
been consldembly later. The date for the sandals, of course, is not 
that for the overlying pumice but it is rather difficult to explain how 
they remained on the surface of a cure floor for several millennia 
without alteration and then ivero charred hy tho heat from the New¬ 
berry pumice (CrcssHian et aL, 1040, \i. 68; Cressman, 1042, p. 62; 
1943, p, S39). When first nimoiinced, the date for the sandal was 
thought to indicate a reverse order for tho volcanic eruptions. That 
is not now considered to bo tho case however. A subsequent Gtate- 
ment to the effect that the dated sandals camo from some distance 
below the pumice (Cressimin, 1951, p. 30S) bolsters that opinion. 
Archeologically, as well as geologically, the Mount Mazama pumice 
is an important feature in Oregon in that it forms a lino of demarca¬ 
tion for dating deposits occurring beneath and above it. Once the 
age of the Newberry pumice, or pumices (since tho pivscente of four 
cones in the crater and others along the eastern base of the volcano 
^iggest Uiero may have b«m several eruptions), has been established 
it also will be equally helpful. Hansen estimates tile Newberry erup¬ 
tion at betwoen 7,500 and 9,.'iO0 and Allison places it at from ll/KK) 
to 12,000, hut in inew of the Mount Mazama results it would seem that 
the carbon-14 date will prove to be considerably less. If the date for 
the ^udals is correct, it is extremely significant because it shows that 
the inliabitants of North America at that time had not only devclopetl 
a fine technique in tlie manufacture of protection for the feet but that 
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they fiiso worn mftkiiig a hJglity artiiStic f^rm of basketr^^ decorated 
with a false embroideir* It is posaible^ of cx)iirEej that when perish¬ 
able materials belonging in the complex of some of the other cultures 
of tins period are found an equally high kind of induatry will he 
revealed. 

What may well prove to be one of the most imi>ortant archeological 
aitea thus far found in North America from tlie standpoint of tho 
sequence and dating of cultures:, m well as geologic data^ is Danger 
Cave near Wetidover, Utah* The cultural debris Uiere readies a 
depth of about 14 feet. The midden rests on an old beach of glacial 
Lake Stanshury. The beach consists of two feet of sand deposited on 
cemented gravels. Charcoal, wood, and inountain-sliGep dung were 
found in the sand layer. Kadiocarbon tests of the dung gave an age 
of 1],453±6CN}3 while the wood ran 11,151^:570. Thus far no results 
have been aniiDUJLc&d for the cultiiml material and it must be con¬ 
sidered as being an unknown number of years Inter tlian the beach, 
although tlie initial occupation may not have been long ddnyed after 
the rcce<ling w'atcr opened the cave to habitation. The date of the 
latter, however^ will be extremely useful in geologic studies of the 
area. This is particularly so in view of tlie fact tliat hat guano mixed 
with the gravals of an old beach of Lake Lahontan !n the Leonard 
rock shelter near Lovelock, Nev., gave a carbon-14 date ot ll,lM:t570. 

The close correlation between the beach levels in the two caves is 
important in showing that climatic conditions then Tvere suoh that 
there was a piionounoed shrinkage in the two lakes. A similar phe-^ 
nomcnon is noted for ancient Lake Tcxcoco in Mexico where radio¬ 
carbon testa indicate that die late Pleistocene shrinkage apparently 
started approximately 11,003^500 years before the present. 

In South America t^vo caves in Tierra del Fuego near the eastern 
end of the Strait of Magellan yielded material that has given dates 
of 10,832^400 and S,630±^450 years. The older of the tivo dates was 
obtained from slotii dung and tliere apparently were no cultural as¬ 
sociations. The date is important, liow'ever, because it has a bearing 
on tlie lost ice advance in the area and also the survival of the giant 
sloth. It is interesting to note tliat die date agrees very closely witii 
the i0j455±34D obtained from simiUr material from Gyfjsum Cai-vs 
in Nevada, The date for the other cave, called Pal! I Aibe, wduch con¬ 
tained archeological deposits, was obtained from charrwl sloth, horse, 
and guanaco bones. It is not only important in indicating that tuan 
was present tliere at a reasonably early time but b also significant bc- 
eaUBo the material came from heartlis on the surface of a layer of 
volcanic oshp and as die occupation of the cave apparently followed 
closely after the eruption which deposited tho ash die date probably 
is approximately that for the last major eruption in the adjacent 
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^roup of small volcanoes iiloiig the Chiknn-Argentine boundary, 
Purtliertiiore, it helps to place a land rise of 42^ feet east of the first 
narrow's of the Strait and reccEsion of a large giaciu! lake which ex- 
pos«l I lie nx'k shelters that vrere soon occupied by people. In ad¬ 
dition, the date substantiates an estimated age for volcanic a^ dis¬ 
tributions in Tierra del Fuego and Patagonia based on pollen analysis 
{Bird, 1951). 

As is to be expected, dates for oxclieologicul sites attributable to 
prehistoric man in the Old World are somewhat older than tliose in 
the Western Hemisphere. Charcoal from the famous Loscaux Cave, 
considered one of the world’s oldest and most remarkable art galleries, 
on tlie Vdiere Kiver near Alontignac (Dordogne), France, tested 
15,5IG±900, The charcoa) caine from occupational deposits in the 
northwestern iioition of tho cave and is thought to represent a Mag- 
dalenian level. Thus far, however, it lias not been possible to cor¬ 
relate the radiocarbon date with any of the seven or eight art styles 
in the magnilicent murals on the wall of the cave (Morlus, 1051). 
Another up{>er Puteolitliic site of Magdalenian times at La Garenne, 
St, Marcel (Indre), France, has an interesting series of dates. One 
sample consisting of an ashy material niiiod with sand, charcoal, and 
burned bones tested 15,847 ±1^, burned bone collected in and 
around a hearth dated 11,1U9±480, white burned bone from the same 
liortzon but outside tlie hearth gave lS,&8fi'±5tjO. Of comparable 
antiquity is a site at Mufo, Angolii, Portuguese West Africa, where a 
stone blade associated iviUi carbonized wood was found in a late upper 
Pleistocene deposit. Tests made on the wood yielded 11,18P*490 
yeara, Not quite so old, but still of considerable age, are two dwell¬ 
ings in Denmark belonging to the late boreal, pollen zone VI. Hazel¬ 
nuts from one of them gave an average of 0,929±350 years, while 
birch wood from the other tested 9,425 ±540. Materials from a cave 
located five miles WKjt of Belishahr at the southeast corner of the Cas¬ 
pian Sea, in Iran, show dates ranging from 8,545+500 to 10,SCO 
±1,200. The deposits in the cave contain Bronze Age, late NeoiitJuc, 
Neolithic, late NfesoIitJiic, and Jfcsolitliic. 'J'lie earlier date pre¬ 
sumably is that of the Mesolithic, w-hile tJie later was from a zone con¬ 
taining tipper Mesolithic artifacts. 

In tho United States there is a somewdiat younger group of cultures 
which are represented at various places in tlie West and Southwest, 
riiey may represent developments out of tiie older remains previously 
mentioned, but on die other hand tJioy may indicate subsequent mi¬ 
grations to die area. That is a problem wliich still needs to be solved 
by the ardieologists. Nevertheless there is some significance in the 
carbon-14 indications. 

Af^ociated with Folsom materials nt sites w'Lere artifacts were 
picked up from the surface were types of points which were given the 
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nam^ Yuma. Tlie latter became somewliat of a cakh-all designatioti 
for points that could not otherwise be ideittified and has more or less 
been replaced by specific site names. The first points of this type 
were b^ieved to be contemporaneous witli FoIsorUi but subsequent 
work showed that their contemijoraneity at bc^it was a very late one 
and that tliey more likely actuully represented a subsequent lioris&on* 
In this category are specimens auch as those found by Dr. G, L. 
Jepsen, of Princeton Universityj at Sage Creek in Wyoming, Tlie 
average date for that material^ derived ivom partially burned bison 
boners, is 6jfi76±250. Other spceiuiens falling in the same category 
were found in a site at the Angostura Ecservoir in Soutli Dakota. 
Charcoal found at the occupation level tested 7^715±T4(h while simi¬ 
lar material taken from an ovnl-sbaped unprepared hearth dated 
7,073^300. Geologic studies at both of those locations have not yet 
been completetl so it is not known what the conclusions arc with re- 
sixK;t to their geologic age. 

Caves in the Humboldt Valley in Nevada have furnished 3i>eci- 
mens that have been dated 7,038 :± 350 years^ 5,737^250 years, and 
2,482^260 years* Tliese dates were obtained from bat guano and 
archeological artifacts* In tlie cave eontaming the oldest objeetsj the 
guano layer below the artifact-bearing strutuni rested on Pleistocene 
gravels and, as previously mentioned, material from the contact tested 
lljl90±57Cli* Briefly, the evidence there shows that man woe present 
in that district by 5000 B* C. and that the region wa^i occupied 
during the dry Altithermal Period of 4000 B. C- After upproxi- 
matcly 1,500 yearg^ occupation the region apparently was abandoned 
untii about 500 B, C* from which time there is an unbroken archeo¬ 
logical record to the present day. The oldest date thus fur for Cali- 
fomlfi is 4,052 but since Olh^etla biplieata shell beafh were 

found at the 7,OOO-y oar-old level in one of the caves in Nevatla, it 
seems evident that there must have imm jJeoplB along the Pacific 
coast at that time (Hcizer, l&fil). 

In soiitlieastern Arizona a series of cultural horistons dcfngnatcd 
the Coelute yielded earbon-14 dates of 7,7&C:t370 and 6^10=^=450 
for the oldest stage. The next or second stage yielded dates from 
4,508=^680 to 4,000 ±270, while the tliird stag^ gave 2,463± 310. From 
these dates it is obvious that the sequence of the tlirce stages vrhich 
was established on geologic and typological evidence was sound* The 
dates tliemselvea, however, are somewhat lower than previous esti¬ 
mates based on climatological studies, i^artkiilarly in the case of the 
first period which is about 2*000 years younger (Suyles uTid Ante vs, 
imi). The ctirbon-14 figures indicate that, contrary to the opinion 
of many, the Cochise ^woplea bad not moved into that area prior to 
the appearance of hunting peoples of the Folsom type in the region 
PB1J4S- 52 — -sa 
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iiniDediatol; to the cast In that connection it may be pointed out 
that the fire pit with a date of 4,283=t2S0 years at Folsom was roughly 
contemporaneoua with the second stage of tlie Cochise in Arizona and 
the Early Horizon culture m California. In the same cat^ory ia a 
fire pit m die secondaiy ehaimel fill at the Lindenineier site with its 
5j020± 300* Fiirthemiore^ fhe date falls in the same general horizon 
aa some of the Archaic remains in the eastern part of the United 
States^, as that of die site of the much-debated Tepeipan Man in 
Mexico with its ^^nd of the Hunca Piieta Mound No. 3 in 

Peru with 4i044=t300. 

Bat Ca^-e in Catron County, N. Mex., with dates from 5^31^310 
to 1,7G2^£50, falls into this same geneiral period. In some ways the 
archeological material from it may not ba as Important as that found 
at other sites, but there is an excellent sequence of artifact types char¬ 
acteristic of different geographical areas and soveral projeelilo points 
similar to the second stage of the Cochise were found there. Tlie main 
signific^ance of Bat Cave is in the light that it throws on the botani/al 
problem of the development of maize or Indian com. From the six 
feet of accumulated refuse in the cave a series of shelled cobs, loose 
kernels, and various fragments of hiisks, leaf shcadiSj and tassels was 
recovered. The specimens from the bottom level to die top show a 
distinct evolutionary sequence* The com from the liottom level is a 
primitive variety wldch w as botli a popcorn and a form of pod com, 
while that at the top is an e^entially modem form. The evolutionary 
period required for such changes thus appears to be far ahorter than 
previously supposed^ Tlie sequence also indicates that there were im¬ 
portant factors bearing on die evolutionary process; namely, that 
there was a marked reduction in the pressure of natural selection, 
that there were mutations from the more to the less extreme forms of 
pod com, that contamination by teosizite modified the com, and that 
crowing produced a high degree of hybridily (Mangelsdorf, 1950), 

In the eastern United States the Arehnk at Frontenac Island, N, T., 
gave a date of 4,030 ±260^ A site at Ijamoka Lake, N. Y., produced 
charcoal which tested 3,363^250, while shell mounds in Kentucky 
yielded dates from 4,900it250 to 6,140—300. Geological determina¬ 
tions have not played a particularly important part in the siudies of 
those sites, although such investigations os were made there would in¬ 
dicate that there was some expectation of reasonable antiquity* Prob¬ 
ably somewhat younger but still fulling within that peri^ is the 
fish weir at Boston where peat from tlie Boylston Street site gave a 
carbon-14 date of 5,717^5CK] for the lower peat underlying the weir. 
A second date was obtained from a fragment of oonifeious wood which 
was taken from marine silt overlying the lower peat and the weir. It 
was 3,861^390. The weir iteelf presumably should be youngor than 
the oldest date but older tliau the later one. On the basis of cUmatolqg- 
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icfti evid^BCO it had been cstimaled that the weir 05 in use just prior to 
2000 B. C. (Antevs, 1M3) . Hence it appears that the people who 
built and used the weir may hovo been conteinpotaiieous with those 
who lived at the Fronteiuic I^tke, Lamoka^ and Kentucky dtea. These 
datca from tlio eastern United Stated are somewhat older than had 
been anticipated and show that migration to thai area was relatively 
early. 

There arc some generally comparable dates for the Old World and 
as the teeing continues there undoubtetlly will bo more. VVlieat and 
barley grain from a pit in the Tfcolithic Fayum A Period in fcgypt 
gave the age 6^095 which is about 1,000 years later than originally 
estimated by archcologiEts for the rctuains found there. Charcoal 
from house floors at El-Onuirij near Cai™, Egypt, tested 5^56±230^ 
the period represented being tentativciy identified as Jliddlc Pre- 
dynastic. A slab of wood from a roof beam of the tomb of Visicr 
Hcniaka of the First Dynasty, at Sakkara, Egypt^ ran an average of 
4,8S3±S00 which is in the previously accepted range of 4JOO to 5,100 
years for that dynasty. A cypress beam from the tomb of Sneferu 
at Meydum, Egypt, tested an average 4,802^^10 which is within the 
range of error for the age determined from archeological evidence 
and the Egj'ptian calendar. There are other dates of lesser magnitude 
for Egj'pt os well and they agree rather closely with the radioesrbon 
results (Braidwood ct ah, 1951). Fairly well-presei^ed land-anail 
shells from basal levels at Jarino, Iraq, a Kurdish hill-country site 
lying on the flanks of the ^Fertile Crescent” north and east of classic 
Mesopotamia, tested 6,707 :*= 320 years. That site has been conrfdered, 
on typological grniuids, to bo tlia earliest village remains thus far 
excavated in western Asia. The carbon^W age k about 2,000 years 
younger than Iiad bean estimiitcd by archeological reasoniug. A piece 
of charred wood from a Neolithic lakeside settlement at Ehensidc 
Tarn, England, showed a carbon-14 age of 4,004i;300. The couven- 
tional dating for such remains has been 4^000 years. Charcoal from 
a feature considered to bo late Neolithic and to belong to the first phase 
of the monumonl at Stonehenge, England, tested 3,708^275. On the 
other side of the w^orld charcoal from part of the structural remains 
of a house found in the bottom levels of the Ubuyama shell mound, 
about 19 miles west of Tokyo, Japan, had an average age of 4,564 ± S20* 
That is supposed to be the oldest house ate in Japan^ Charcoal from 
a higher level at the same mound showed 4,513 :ii300. 

Curiously enough, Alaska, wliich should give the oldest archeologi^ 
cal dates in the Western Hemisphere if the mignition theory for the 
populating of the New World from northeast Asia is correct, thus far 
has shown nothing older than 5,093—280 for a habitation site. That 
date wiK obtained from charcoal and willows from the bottom level 
of a cave containing evidence of at least two different cultures, Arti- 
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facta fiom tlio same level con^&t of diagonnlly cliipiJed bladcSj atone 
and bone arrow points, mkrolithic sidc-bhdes, and decorated and 
slotted l>onc. The side-blades and the bone sujrgest a MesoHtlnc tra¬ 
dition. The oilier cultural inulerials, separated from the former by 
more than a meter of debris, are of a lyi>* that elsewhere in Alaska 
been found to be approximately Ij^OOO years old. A b^se log from a 
Paleo-Elskimo house at Cape Denbigh tested £^016—250^ while charred 
wood from the middle levels of the same site showed 1,466^200. 
Spruce wood from n site at Gainbell, St. Lawrence Island, yielded 
2^8±230. The dates for the Alaskan remains, however, do differ 
from archeological conceptions as to their age and as yet there is no 
satLsfactory explanation for the discrepancy* 

There is one interesting scries of dates covering a long frequence of 
cultures in the (Jhicama Valley, Peru (Bird, 1951). The range is 
from 4,424 ±10’1 to 2,211^200 and so far as the arcJuKilogical c%ddence 
is concerned there Is nothing which would throw^ doubt on the validity 
of tlie radiocarbon delerminntions. TIic sum a cannot be said^ how¬ 
ever, for dates for certain remains in the United Slates. The latler 
are much younger than iiiany of those in Peru and involve the so- 
called Hopewell and A derm cultures^ Arrheologitla had generally 
agreed that the Aden a and its typologieally relBied cultures preceded 
the Hopew'cU. When three ditlerent kinds of organic material com¬ 
prising six samples from Hopewell site^ were tested they were found 
to be 1,951 ±200, 2,041^250,2,2h5±210, and 2,flM:!=250. The Adenti 
materials^ on the other hand, mnge from 1,16S±150 to l7509±250, and 
the related cultures from G33=t=l50 to l,233:t250, and 1,158 — 250 to 
1^7fi±150. Generally speaking radicK:arbon shows that Hopewell is 
not only older than Adena but antedates it by 1,000 years (GrifRit, 
1051). Sin(^ this is so contrary to the acocjded archeological cbronol- 
og)', the the results have been sliarply questioned. The discrepancy 
probably cannot be attributed to tbe method itself becaui® all the dates 
are with in tbo runge of carbon-14 determinations that were checked 
by samples of known age. Consequently it would seem that either 
the archeological concepts need to be changed or the specimens used 
in tlm tests were coiitainiiiatcd. 

Til ere are various other dates of anthropological significance now 
available but space will perniit the consideration of only two more. 
They are of particular interest for other than strictly archeological 
reasons. A test was made of a sample from a carved wooden liiitol 
from a building at the ruined Mayan city of Tikol In northern Guate¬ 
mala. The building is believed to have been the sacerdotal palace or 
residence for the priests serving u nearby temple. The lintel in ques¬ 
tion formerly spanned an interior doorway and was com poised of five 
sapote beams. The complete lintel was decorated with an inscription 
giving the Maya date 0.15.1Q.O.O 3 AJiau 3 Mol. The correlation of 
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tlio ^Ia 3 'ari and Gregorian calandnis has long been a source of dispute 
and there have been two principal schools of thought in tlie matter 
'O’ith a difference of about 260 3 'ears in the results obtiiined. Accord¬ 
ing to tlie Goodnsan-Marti'nez Hcrnaiidez-'rhompson correlation the 
date was June SO, A. D- 741, while in the Spinden correlation it was 
August 30, A. D. 481. The radiocarbon age based on the average of 
two runs was 1,470±120. Tlie cjtpected result on the basis of the fiivt 
correlation method should have lieen 1510-1,240. For the second H 
should have beiui 1,470-1,500. As far ns this particular sample is 
concerned, it appears that tlie Spinden correlation is the correct one 
(Kttlp et qL, 1051). The other object of special interest to many 
[leople tliat was subjected to the carbon-14 method was the Book 
of Isaiah, the Dead Sen scrolls found in a cave near Ain Fashkha in 
Palestine. History and tradition placed tlie age of the book in Uie 
first or second century before Christ. The linen wrappings that en¬ 
closed the scrolls were used for the radiocarbon sample and gave 

I, 9 ir ±200 ns their age. Tlie scrolls probably are souiewhat older and 
the date of their wrappings may well be that of the time when they 
wera cached in the cave. 

Tlie results from carbon 14 as far a.s geology is concerned are spotty 
liccaiise of the difficulty in obtaining suitable material for testing and 
l;ecnusc in many instances their stratigraphic position is questionable. 
However, certain things are apparent from the work done thus far. 
The dates do fall roughly into the same order as the stratigraphic 
sequence of the deposits from which tlie spocimciis for testing vfcre 
collected and their relative chronology is acceptable. On I ho other 
hand, they are for the mf» 3 t part more recent than many geologists 
believed would be the cose. For example, tlie Stankato substage of 
the IVisconsin glaciation ia shown to have gotten under way about 

II , 400 years ago wUh the maximum being reached at approximately 
n,0tJ0. Tliia is somewhat less than half the age previously nssiimed 
for the Mankato and if correct will require considerable revision of 
ideas on the part of some studente of geochronology. It is interest¬ 
ing to note that radiocarbon dating has confirmed the conclusion, 
based on pollen studies, that a series of deposits in Germany, England, 
and Ireland were correlated and belonged to tlie same interval, the 
Allerod. Furthermore, tliey appear to be correlatives of the Two 
Creeks bog in Wisconsin and to show tliat there w'OS contemporaneous 
climatic fluctuation in Europe and North America (Flint, 1951, a, b). 
Tlie European dates are: Peat from iVallerLsen im Hilla, northwest 
Germany, 11,044 ±500; lake mud from Nensham, nciir Darlington in 
the extreme north of England, 10,851 ±630; peat from Haivks Tor, 
Cornwall, England, 0,861 ±500 ; and lake mud from Knocknaernn, 
County Monaghan, Ireland, 11 , 310 ±720. 
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There are older dates for geologic msterial than those above. Wood 
from a peat bed in tha Dntnso Valley, south of Lake Geneva in France, 
is rc[>oTted as at least 19,000 yeare old. Wood and peat samples col¬ 
lected between Chambery and Grenoble in southeastern France are 
considered at least SI,000, Wood samples from the Lake Kickapoo 
deposits at Wedron, III,, from the Camden kfornine south of Dayton, 
Ohioi, from a bank of Skunk Creek in Polk County, Iowa, ond from 
Vermilion County, Dl., have been reported as older than 17,000 years. 
Coaly peat from an eTtposiirt along Engle River north of Anchorage, 
Alaska, ran M,300*000, Partially lignitixed wood from (Jte shore of 
Tustermana Lake, Kenai Peninsula, Alo^n, gave the date 15v800±4QO, 
Wood from a depth of 30 to €0 feet along Fairbanks Creek, Alaska, 
and associated with extinct mammal bones, dated 12,622*750, A fos- 
fdl cedar log dredged from St, Georges Harbor, Bermuda, and repre^ 
sontativeof the extensive forest that once flour i shed there but has long 
been extinct, tested 11,500*700. 

Dates derived from pollen analy^ and the radiocarbon determina¬ 
tions show a general consistency, but Uiere are some disagreements 
w'hich suggest Uml the stratigyapMc position of some of tlie samples 
was not determined proi>erly. Also it seems that Oiore may be a 
possible source of error in a postdepositional replacement of catlwn 
14 by carbon 12. Several dates from bogs were mentioned in a previ¬ 
ous paragraph. The results from a series of samples reflecting tree 
growth in the eastern United States are interesting in that they show 
that the pine phase was reached in West Virginia 0,423*S40 years 
ago at a time when that region was deflnitely outside the glaciated area, 
iTie same stage was reached at 83^^—*1^ io Connecticut, and 
7,088 *420 in Minnesota in tlio region south of the limits reached by 
(he ice slicct during th& Mankato substagja. In northern Minnesota the 
phase dated 7,128*300. It was still later when similar conditions 
prevailed in northern Maine, as the radiocarbon test on material from 
Plissey Pond gave the result 5,962*320 (Deevey, 1951). On the 
basis of these flgures it is easy to visualize the slow spread of pine 
growtli froni s;outh to north dtiring the lelativeily dry climatic con¬ 
ditions following the retreutiug ice sheet. 

Work on ocean samples has not progressed P3 far as that in other 
lines of researeh, but what has been done indicates tliat useful informa- 
t ion will be fortlicoining not only with respect to deposits at the bottom 
of the sen but also pertaining to the ago and movements of subsurface 
currents. Unquestionably as more laboratories are established an d 
the tecimiques are perfected other fields will bo found where radio¬ 
carbon age determinations will have a definite place. Thera are, of 
course, various as|>ccLs of the problem tiuit still need clarification. 
For example, it Is not known what effect different climatic conditions 
may have on samples, whether the carbon-14 content is consistent in 
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wot and dry aie&s, or if perhaps lha riite of disintegration may be 
aeceleratcMl or decreased by the nature of the deposits vvliare the object 
to be tested waa found* However, the results thus far indicate that 
tlie carbon-14 method is valid and^ bearing in mind the expectable 
error, that a majority of the dates obtained are reasonably acennkte. 
Improved methods for coilGcting samples and greater care in avoiding 
subsequent contamination probiibly win sbarply reduce tbo munber 
of unacceptable detorminations* 
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River Basin Surveys: The First Five 
Years of the Inter-Agency Archeological 
and Paleontological Salvage Program 


liy FiLtKR H. H, RobehtS, Jr, 

Aisoeiete Birtcior, Burtau of Ammean Eilt>tolo$y 
DireefoT, Hivcr Btuin Sitrvcys 


[WltD 10 platcK] 

Liaix in tLc atilunin of 1944, aralieologists thfoiiglvout tJic United 
States began to roali/e tUat tho development and expansion of a 
iiRtion*wido program for flood control, irrigation, liydroelcctric, and 
navigation projects by the Federal t roveriitnent would evenluallj 
deftroy many archeological sites in nraas where virtimlly no invest)' 
gfttions had been made, and that wliolo chaptera covering thousands 
of years of the aborigimil history of North America would bo lost 
unless sonic steps were taken to save them. As a I'csnlt of suggestions 
stemming from vurious sources, an esploiiitory meeting of some of 
the members of the Committee on Basic Xecds in American Archeology 
and arcbeologista stationed in Washington, D. G., was held at the 
Nationnl Rcifearch Council in January lOlS. At that time various 
plans were suggested for starting a program for the salvaging of 
materials from areas which would be involved. Ko definite action 
was taken then, but as an outgrowth of the discussions an Indcpondent 
committee, the Committee for the Recovery of Archeolopcal Remains, 
vomimsed of representatives from the Society for American Archaeol¬ 
ogy, the American Anthropological Association, and tlie American 
Council of Teamed Societies, was organi-ted in April of the same 
year and undertook a careful study of the problem- Concurrently, 
inembers of the staff of the Smithsonian Institution were working on 
a tentative program and discussed the situation with yflicials in vari¬ 
ous agencies interested in the development of river-basin projects. 
During approximately the same period interbureaii Bgreements were 
completed between the National Park Service, tlie Bureau of Reclama¬ 
tion, ami the Corps of Engineer for a survey of the rccrcntional 
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resouTcsa of proposed reservoir areas. Since the National Park Serv¬ 
ice is the Feder^ bureau specifically charged by law with responsi¬ 
bility for the preservation of historical and archeological sites, it 
interpreted the agreements for the study of recreational resources to 
mean that archeological and paleontological remains should be in¬ 
cluded and WHS making preliminary preparations for studying them. 

Late in the spring of lD-15 the Smithsonian Institution and tlte 
National Park Service, througli tile work of the Committco for the 
Becoveiy of Archeological Pemains, were made aware of the common 
goal toward which both were striving. This resulted in a series of 
conferences which made it apparent that the National Park Service 
and the Smithsonian Institution were prepared to cooperate fully 
in any general program for the survey and recovery of archeologic^ 
and paleontological remains and that the Smithsonian Inslatution 
wiis prepared to take scientific mponaibility for the work to be done. 
Eventually a Memorandum of Understanding between the two agen¬ 
cies was prepared and signed, providing in part that the National 
Park Service would call to the attention of the Smithsonian Institu¬ 
tion the locations of all the proposed dams and reservoirs and that the 
Smithsonian Institution would advise the National Park Service as to 
the number and importance of the known archeological or paleonto¬ 
logical sites located within such areas and would recommend such sur¬ 
veys in the field as might be indicated. The National Park Service was 
to inform the respective agencies responsible for the construction of 
the propcBed reservoirs as to the nature and eitcnt of the remains 
that would bo lost if thorough investigation and escavation was not 
undertaken sufficiently in advance of the flooding of tlie reservoir. 
This was the genesis of the Inter-Agency Archeological and Paleon¬ 
tological Salvage Program. 

To carry out its part of the Memorandum of Understanding, the 
Smithsonian Institution in the fall of 1D45 instituted the River Basin 
Surveys which was organized as a unit of the Bureau of American 
Etlinology, The National Park Service then furnished the River 
Basin Surveys with lists of Bureau of Reclamation and Corps of 
Engineers projects. On the basis of information available in pub¬ 
lished reports, from ccrresiiondeiice with local societies, musonms, 
colleges, universities, and interested laymen, areas where surveys 
should be started were determined. It was apparent that in many 
regions the operations would be a race against time, but because of 
its size, the fact that 105 projects had already been authorized and in 
many ca^ were under construction there, because of its importance 
to American archeology in general, and siiice vary little was known 
about its broader manifestations^ the Missouri Basin was chosen as 
the first scene of operations. Officials of the National Park Service 
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proeented tic caBe for the Mis^uri BaeiE to tlie Bureau of Reciatim- 
tiou, A preliminary allotment of funds to begin Uie work was made 
by that agency and was traiiaferred through Hie National Park Serv¬ 
ice to the Smithsonian Institution. The funds were for use in tKith 
Bureau of Eeclamation and Corps of Engineers projecta. 

BEGINNING OF THE WOUK 

The first actual field work got under way in J uly 1940, when a field 
office was esUibUshed at Lincoln^ Nebr., in qniLrtem provided by the 
Universiiy of Nebraska, and tliree parties of two men each made a 
rapid reconnaissance coTering more than 13,000 miles, visiting 28 top- 
priority Bureau of Reclamation projects and 5 Corps of Engineers 
reservoirs. In September of the same year tlie Corps of Engineers 
transferred funds througli the National Park Service for surveys to 
bo made outside the MiEsouri Basin, and field parties were atart<Ni in 
Georgia, Virginia, Texas, and California* The money provided by 
the Corps of Eugineei-s was for use in their projects only. The Bti- 
rean of Beclaination supplied additional funds in March 1047 for 
surveys at its projects in the Columhia-Snak© Basin, and work got 
under way tliere tlio following June. In addition, both agencies 
contributed in no small degree to the successful start of the surveys 
through their cooperation in otlier ways. Bureau of Bec1an>ation 
personnel and division and district engineers did much to facilitate 
tlio work of the men in the field. In some areas transportation w^aa 
provided, in others necessary labor was furnished to aid in emergency 
excavations, and elsewhere temporary office space end etorage facili¬ 
ties were made available at project headquarters^ In the fall of IMT 
the Bureau of the Budget ruled that thereafter all requests for ap¬ 
propriations for the nreheolo^cal and paleontological program should 
appear in Iho Interior Department budget. As a oonsequenee, Mis¬ 
souri Basin funds for all types of projects are carried in the Bureau 
of Beclamation item, while those for other areas are provided by the 
National Park Service. Furthermore, it was stipulated that the in¬ 
vestigations need not be restricted to Bureau of Reclamation and 
Corps of Engineers projects but could also be carried on in those 
sponsored by other F^eral agencies and by the several States* Even 
after it was decided that all the necessary funds were to be provided 
through the Interior Department, the Corps of Engineers continued 
to contribute to the effort through the loan of cqulpnient, office space, 
and transportation. 

In subsequent years the program was expanded to cover more and 
more arens throughout the country. Field headquarters for tlie Pa¬ 
cific coast region were set up at Eugene, Oreg*, in apace made available 
by tlie University of Oregon, and nfc Austin, Tex., where the Dniver- 
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sity of TexRvS provided oflice and laboratoiy mom. A field Ixiso 
also Diade available at AtheJiSj Ga., by ibe University of Georgia, By 
July 1951r after the program of field work ]md been going for 5 
years, surveys Lad been eompleted in 225 resen'oir areas situated in 35 
States. One lock project and four eanal areas were also investigated. 
Some 2,894 archeological sites were located and iiecorded and of tliat 
lumiber 545 have been recommended for excavation or limited testingp 
The initial phase of the program cnlletl for preliminary surteys to 
locate renniins with sut'h testing as miglit be necessary to determine 
w hieh of the sites w ere of prime importance. The next step was lliat 
of extended excavation at tliose sites wdiicL promised particularly in¬ 
formative resiiltg in relation to the archeology of neighboring districts 
and of the particular ama aa a whole. Because of the fact tlvat the 
progi'am iivaa late in starting, it took the greater part of the fii'st 3 
years to catch up with the necessary survey w’ork. In some cases the 
construction of dams waa so fur atJvunced that they were coinpleted 
and were iiupotnuling wider Ijefore survey pwrtiea could readi them. 
Ill others surveys were made^ but the area went under ivater before any 
digging could be dune. As more and more of the regions were sur¬ 
veyed, how'ever, it became i>ossible to start actual digging and by the 
end of the 5-yeur iicriod there w*ere more excavations than surveys in 
progress. Digging had been done or w-ps continuing in 3d reservoir 
projects in 10 river basins scattered over 15 States. While detailed 
analyses of the datii and materials from the excavations have not been 
coinpleted, it is evident that consideruble new knowledge has been ob¬ 
tained and that a much better understanding of aboriginal activities 
in the various areas wdll be forthcoming. 

In carrying out the program, the Ktver Basin Surveys was aidc<] in 
no small degree by State and local or^niaiationa which ip soinc in¬ 
stances actually joined forces with the Surveys' reconnal^nce or ex¬ 
cavation parties and in otherii assumed full responJsibility for specific 
projects. During the Britt 3 years the cost of such assistance was borne 
by tlie cooi>orating institutions. In the last 2 years of the period, how^- 
ever, there was a change of |>olicy aiul a munber of local institutions 
signed agreements with the National Park Service whereby they were 
furnished some funds and e.xcavated sites that had been chosen in ac¬ 
cordance with recommendations of the Smitlisonian Institution. 

The sites located by the survey parties represent the whole range 
of such remains known throughout the United States. Tlicre are 
locaUties attributable to occupation by some of the early htinting, food- 
gathering peoples, camping places intermittently occupied by later 
Indian groujjs, quarries, bluff and riK'k shekel's, caves giving indica¬ 
tions of inhabitation, villages, artificial mounds, burial grounds, os¬ 
suaries and cairns, and even haltleBelds. In association witii many of 
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tlio various kinds of sites aro groups of pctroglyplis jxsjked into or 
paiiitied on the surface of aiijBoent large boulders or the faces of neigh¬ 
boring cliffs. The Bujvcys did not confine their effoils to the locating 
of strictly aboriginal sites but also noted and recorded places of his¬ 
toric interest such as early trading posts, pioneer forts, and Colonial 
and pioneer villages. In many cases there is a definite correlation be¬ 
tween liidian remains and those of the white titan, and study of theui 
tindoubtedly will tlirow considerable light on iicculttiration problems 
and the effects of au advanced civilization on primitive eultnros. After 
the investigations have been completed and the results are available 
there should be a fairly comprehensive story of the history of the abo¬ 
riginal United States from the closing days of the last Ice Age down 
to tlie Indian wars in the Plains area in the late sixties and early seven¬ 
ties. For tl IV I ate iieri ods there is, of couttio, considerable doc u mentary 
material coiitulnhig valuable information, but archeoUjgical evidence 
in many coses will augment and clarify the uTitlen records. 

OLD REMAINS UNCOVERED 

Kxcavations have been carried on at several locations where it ap¬ 
pears that some of the older Indian groups were present. Along a 
small tributary of the Columbia River near Gobi Springs, Oreg., in¬ 
dications of a cultural layer lying boiieath a strip of w'iiiii-blow-ii 
volcanic ash were found iu the stream bank. Excavations at that 
location uncovered traces of a single occupation by a gioup of Indians 
having a simple cuUuto and, except for the projectile points, very 
crude tools. There were no indications of any type of habitation. 
The people presumably built their fires and cooked their food in the 
opeit. Liirgo iiumhcrs of animal hones, many of which were burned, 
and many mussel shells were present in tlic tlebris. It is apparent 
that the people depentlcd alwut equally on fishing and hunting for 
their subsistence. The artifacts consisted largely of hammerstones 
and choppers with a fair showing of projectile points. The projectile 
points are leaf-shaped with a concave base. They do not have tlte 
side notches or stems such as are common in niany parts of the area. 
The [*rojcctile point represents one of Uie older typos but thus far has 
not been definitely correlated with some of the ^tter-known varieties, 
'file cultural remains probably repixssent a fairly early stage in the 
occupation of the Columbia Basin, but their proper place in the se¬ 
quence for the area will not be known definitely until Uie volcanic 
ash that covered them has been correlated witli one of tbe known 
eruptions in that region or until a carbon-14 test has been made on 
the burned bones. 

Anotlier location where relatively old remains were found was in 
the Tiber Reservoir urea along the Jlarias River in ilontana. Two 
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different sites irere excavated there and were found to contoiti ocoupa* 
tion levels indicntive of a simple bun ting culture, 'llic tnati^iHls 
obtained from the digging consisted of a small series of artifacts in 
associntiou with bones from bison, deer, and smaller mammals. There 
were no indications of any form of habitation and the cooking fires 
apparently were built for the most part in simple basins in the surface 
of the ground, although an example of a rock-ringed hearth was found. 
TJiere was nothing to indicate a chronological age for the remains, but 
the artifact assemblage suggests that the culture was reasonably old 
and that it may well fall within the period that previouHly has been 
considered to constitute a gap between the Paleo-Indians such as are 
represented by the Folsom and similar complexes and the later Indian 
groups. At one of the Tiber sates tliere were several occupation levels, 
the lowest of which was 7% feet below the present surface. The 
rtrata at that location are such that careful study of their character^ 
istics may produce helpful data pertaining to the rate of deposition 
in that region. 

excavations in ANGOSTURA BASIN 

Perhaps tlic most significant of the early sites excavated by the River 
Basin Surveys during the course of the current program is that in 
the Angostura Reservoir basin in South Dakota. The Long site, as 
it is called, contained deeply buried fireplaces with assodated arti¬ 
facts. The projectile points in the artifact Bsscmblage show certain 
similarities to types belonging to relatively early horizons in other 
regions. Some suggest one of the so-callcd Yuma forms, others the 
Plain view type, and others some of those found in the Pinto Basin 
in the Mohave Desert. Tlicro are also examples comparable to some 
found in the Agate Basin district in eastern Wyoming not far west 
from the Angostura site. Probably because of the high gypsum con¬ 
tent of the soil at the Long site, very little has been found to indicate 
the type of food used by the people who made the artifacts. Bone is 
virtually nonexistent, but the artifact complex bespeaks a heavy re¬ 
liance on hunting, although there may have been some use of ground 
seeds and nuts. The cultures containing the implements to which 
those of the Long site bear closest resctnblance definitely were based 
on a hunting form of economy, and it seems logical that such would 
be tnic for the people who roamed the Angostura Basin at the time 
Long site was inhabited. Charcoal from fire pits at the site has 
pven carbon-14 dates of 7013*300 and 7715*740 yearn before the 
present {Roberts, 1051, p. 21). 

Three extremely sipificant sites belonging to the early period were 
ound and excavated in the Medicine Creek Reservoir basin in western 
Nebraska by the State Museum of Nebraska in cooperation with the 
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general program. One of Uietn, the Allen sito^ was located on Medi- 
cin® Creek, while the other two were on Lime Creek in the same 
drainage. At the Alien site there were two occupation lerela occur¬ 
ring in the base of a terrace that was provisionally correlated with 
the Mankato Substage of the Wisconsin Glacial Stage- The cnUural 
material began some SO feet below the present surface and occurred 
in a band from 3VS to S feet tluck. The two levels arere separated by 
an intermediate zone about feet thick, which contained only a 
small amount of cultural material. The lowest level w’os clmracterized 
by the remains of small camp fires, which had been built on the old 
surface, large numbera of broken and disarticulated animal bones, 
and scattered artifacts consisting of knives, scrapers, blades, abrading 
stones, hammerstones, projectile points, and bone implementa. The 
upper level showed little change in the nature of the artifacts, but 
there was a disthKt difference in the character of tho animal bones 
associated with the fireplaces and artifacts which possibly indicates 
a significant change In tlm fauna of the area, possibly os a result of 
some change in climatic conditions. The nearest similarities to 
groups of elements from the compica at the Allen site thus far noted 
arc witl» Uioso from Dead Man Cav® m nortlieastem Utah. Gharcool 
obtained from tlie earliest occupation «t the Allen site gave a carbon-M 
date of 1(1,493 ±1,500 years, while some from tlie upper layer gave a 
date of 6,25G±350, A tentative geological dating from Dead Man 
Cave has placed its first occupancy at approximately 4,000 years ago, 
which gives grounds for interesting speculations pertaining to the 
similarities between the two cultures (Holder and Wike, 194D), 

At tho original “Lime Greek discovery” eight cultural horizons have 
been located, but in only one has an adequate series of artifacts been 
found. The general indications are that the culture is related to that 
which produced the Plainview-typo points found in western Texas 
and otlier localities throughout the Plains area. Tho evidence at 
Angostura for tho association of a Plainview variant with the ma¬ 
terials there, ond tho date of approximately 7,«J0 years for that as¬ 
semblage, give a good indication of tho ago period to which the Lime 
Greek points may belong. The other Lime Creek site, some distance 
downstream from the first, is one where animal bones and artifacts 
occur in a dark gray stratum 47^3 feet below the surface of the present 
terrace. Tlie BtMjalled Scottsbluff Yuma-type projectilo point is 
reported to have been found in situ there together with knivea, 
numerous flakes, end scrapers, leaf-shaped and other blades, and con¬ 
siderable quantiti« of chippers’ debris^ The animal bones represent 
some 17 mommaUan forms as well os those of birds, reptiles, and 
amphibians (ScbulLa and Frankforter, 1948,1919). When tho carbon- 
14 age of 95S4±450 years for tho site w*a8 first announced it was 
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received with aome incredulity by ardieologista because it suggedied 
that the Scottsbliiff Yutnu-type poitit was much older tluin most had 
supposed since it was found in other localities whose dat^ are con¬ 
siderably younger. Undoubtedly some iuiplenient forms persisted 
over long periods of time but in the present instance the span seemed 
too long. Subsequently, however, it was learned tliat tlia sample of 
fimreoal tcstiHl came from log fraginents found one to two feet below 
the level of the cultural materiid, Hence the artifacts must be an 
imdeterjnined number of years younger than the announced date. 

Excavations in camp sites were made in a number of rwiei-voir areas. 
In most cases the information obtained was not as extensive os might 
be desired but does reveal something of the mode of life and habits of 
the people who formerly occupied them. The scarcity of material at 
such locations is probably attributable to the fact that only temporary 
shelters—perhaps hriisb or other highly iierislmble structuies—were 
used and tliere arc no traces of dwellings or habitations. In most 
cases such an area is chameterized by unprepared basin-shaped 
hearths containing charcoal and ashes, midden deposits with ehopjied 
and broken animal bones, cliippcd-stone debris, and other lefuse. Oc- 
cnaionally potslierds and even restorable vessels are found, but tliey 
are not so common as at the sites of more ^lernianent villa^>a, Be¬ 
cause such camping places were occupied only for short periods, or 
intermittently, by hunting parties, the auvouiit of material left k 
small in comparison with that usually found where substantial vil¬ 
lages were erected. Several sUea of that type were examinet] in the 
Angostura Reservoir basin in Soutli Dakota and in the Boy sen Reser¬ 
voir area in Wyoming. Most of tliem appeared to belong to late 
prehistoric timea, but in one instance in the Boyscii basin an early 
contact period was represented, as trade beads and bits of iron wore 
present, ffo correlations have been made as yet with Indian tribes 
known to have been in tliat portion of the Plains, but when studies 
are completed it mny be possible to attribute at least some of the sites 
to a particular group. TJic cultural material from them gives a 
good idea of the kinds of tools and itiiplements being made just before 
or at the lime when the first Tvliilc men reached tile area. Further¬ 
more the infoTiuation is a contribution because prior to the River 
Basin Surveys no systematic investigations had been made in the 
Angostura and Boysen regions. 

Associated with or adjacent to some of the camping sites are fea¬ 
tures that usually arc referred to as tipi rings. The latter ore indica¬ 
ted by circles of stones on tlie surface of tlie ground. The general 
supposition is that the stones were used to hold down the edges 
of skin tents or tipis, 'i’hcre has been disagreement over that inter¬ 
pretation, however, as some ethnologists insist that the later Indians 
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did not andior iJieir tents hi tliwt fosluon, imd it fen ureheologists 
have reported that Uierc was nothing wHhui the eitelts to indicate oe~ 
cupatioiip In an effort to determiDo tha actual status of sucli mani- 
festationSf a number wore oxcaTated in various localities. It was ex¬ 
pected that a hearth or fire pit would bo present near the center of 
the circles if tents had actually been placed there. In the Boysen 
area tho^se in vests gated gave no indication of fires and the question 
still remains as to whether or not tipis uctusdly stfXKl thei-e. Evi¬ 
dence elsewhere substantiates the ti]>i-ring concept in that lire basins 
were found near the centoi^ of the circles of stones. Occasional un¬ 
excavated examples may be seen with a small circle of stones out¬ 
lining a hearth still showing on the surface. An explanation is still 
to be found for those where evidence of occupation is lacking. 

ROOK SllKLTEUS 

Rock slicUcrs have been dug in several areaif. At the ’Wliitney 
Reservoir on the Bni^os River in Texas three such sites were investi¬ 
gated. One of them, locally known as Pictograpli Cave, siiowed 
that it had been lived in duriiig at ktist two dlffereiit ptunods, the 
first being prior to approximately A. D, ISOO and the second occurring 
subsequent to that time but also pre-Columbian in age. There was 
a well-defined cultural stratigraphy in the shelter, and good data 
were obtained perlainuig to ciianges m diet and population, density 
during the tw^o periods. The early occupation is comparable in 
many respects to tl^e Round Rock Focus of the centnil Texas region 
but the second has not yet been con^elated w itli other know'n remains* 
Although Pictograph Cave was a dry slieller and vegetal remains 
were preserved in all levels, hasfcetry, matting, cord, or other perish¬ 
able artifacts were not found. That was a curious situation, and 
its significance is not altogctJ^ec dear. According to what is known 
about tliG Indians in the general area, It ^voald seem that such objects 
should Imve been a part of the material culture* The second loca¬ 
tion, know'n as Buzzard Shelter, is not far distant from the first and 
the digging revealed that tJiore also had been two periods of occupa¬ 
tion W'itli considerable general similarity betw-eon the cultural se¬ 
quenced However, tliere were s|)ecific differences in artifact types, 
and it would appear that the materia! in the second location repre¬ 
sents slighUy different cultural groups* The lower level at Buzzard 
SlicUer produced specimens that apparently arc attrihutablo to a 
rather early coritplex* The upper level correlates fairly well ivitii 
what is called the Toy ah Focus in central Texas. The third Itxra- 
tion, known as Sheep Cave, w^ua mucJi larger but the cultural se- 
tiuence^ seem to follow tlie pattern of tlio other two. Five flexed 
burials were found there, however, and study of the physical tyi^s 
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represented should throw some light on the relatioDships of the 
people. EzaminatioD of the bones has not jet been completed so 
no concUisions are possible at thia dme. The material in general, 
however, does give s much better understanding of the archeology 
of that portion of Texas and when correlated with the results of 
other excavations in the Whitnej basin should round out the story 
in a satisfactory manner. 

Ill the Boysen Reservoir area in Wyoming, Birdshead Cave was 
found to contain stratiEed deposits representing seven with possibly 
one or two more periods of occupation. There were six district levels 
seemingly covering a wide range in Lim& Differences in faunal ma¬ 
teria] suggest that climatic conations prevailing in the district during 
the first occupation were not the same as in subsequent times. Later 
levels show varying degrees of change leading to present-day condi¬ 
tions. Tlio artifact yield from the cave was small, but such specimens 
as were collected show changes in projectile-point types from top to 
bottom. Tliero also was evidence for a shift in the economy through 
tile several oocupationB. In the lower levels it appears that the peop] e 
were largely dependent upon plant foods supplemented by small gome 
such as rabbits, squirrels, and conies. In tlie later levels the economy 
was definitely based on the hunting of large herbivorous animals os 
is indicated by the presence of bones from antelope, deer, bighorn 
sheep, and possibly bison. Tlie presence of steatite vessel fragments, 
rabbit-hair doUi, fiber cordage, and pieces of boshetry in the up|>er 
levels suggests llmt there was a late prehistoric occupancy of the 
cave by Indians from the Great Basin to the ivest rather than by 
peoples from the Plains lying to the east. This has raised an interest¬ 
ing sot of problems |>ertaining to the long-term intorrelationships be¬ 
tween two distinct modes of life in the Western Plains. If the arti¬ 
facts from the various levels in tlie cava can bo correlated with those 
from singla-occupatioa sites, it may bo possible to determinOi the 
sequence for the open sites in the ^;>'sen Reservoir and the Wind 
River basin as a whole. Studies of tlie material from the various sites 
have not progressed suHiciently to establish a relative chronology as 
yet (Bliss, 

An interesting rock slielter was investigated at tlm Equalizing Re¬ 
servoir basin southwest of the town of Grand Coulee, Wash. Tlio 
excavations were handicapped by the fact tliat large blocks of stone 
had fallen from the ceiling of the cavo and it woe necessary to dig 
around and beneath them to unearth tile archeological remains. The 
evidence obtained there indicated tliat the place was not lived in eon- 
tinuousty but was one where small gioups probably camped from time 
to time. Three distinct levels of occupation were found, but it did 
not appear that there wero lengthy intervals between the periods when 
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people stayed tlierc. The artifacts suggest that the same cultural 
group was involved from first to lost A considerable amount of dry 
material such as is rarely present in open sites was obtained. There 
are pieces of cordage, sections from arrow and spear shafts, fragments 
from bow staves, portions of testiles, matting, and bits of basketry. 
Among the objects made from more durable materials are stone projec¬ 
tile points, bone implements and beads, and shell beads. Study of the 
specimens made from perishable materials should throw considerable 
light on that phase of the arts and industries of the people in the area. 
On the basis of the artifact collection as a whole, it would seem that 
the shelter probably was occupied by either the KespeHm or their 
eastern neighbors, the Sanpoil. There were objects of white manu¬ 
facture on the surface In the cave attributable to picnic parties held 
there by modeni residents of the region. No such material was found 
beneath the surface, yet it is difficult to assign the aboriginal objects 
either to historic or pre-CoIumbiun times. 

VlUiAOB REMAINS 

A major part of tlie excavation program has been concerned wdth 
village remains. In the Columbia Basin digging has been carried on 
at village sites in the McNary, O’Sullivan, and Chief Joseph Ecservoir 
projects. At each of the locations the activities were directed toward 
the clearing of house pits and tlie excavation of midden deposits. 
Hie house remains show that many of the structures were circular to 
oval in form, with diameters ranging from 25 to 40 foet, and were 
grouped in clusters along the terraces above the river. Because of the 
scarcity of timber, the Indians apparently took the main supports 
from the structures with them when they moved from place to place. 
As a consequence there is little to indicate the typo of superstructure. 
It probably consist^ of a framework of poles to which brandies or 
mats were lashed. The poles were not embedded in tlio earth, but 
some stability was obtained by heaping dirt agninst the outside of the 
walls. The floors were 2 to 3 feet below the surface near the center 
and sloped gradually upward to about the ground lovel at the rim. 
The village patterns were very simple. At m(^ sites the houses were 
strung along tlie river without any particular attempt at fomal placo- 
ment, although in seversd instances thero apparently was a twofold 
division, with one group of dwellings being located at one end of tho 
site and tiio second group at the other. Wliere such arrangements 
were noted one cluster of bouse pits generally was smaller than the 
other. Wlint significance there may be, if any, to tltat situation has 
not been determined. 

At a number of the sites the remains of long, oval, or rectangular 
‘‘mat houses” were found. The latter apparently represent a later 
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Stage of liouse building than the structures witli circular or ovul 
(loora. Tlifl “mat Iiousc” was a popular form of multifaniily dwelling 
during the historic period in tliat area and the oral form found 
in the McNoty basiri ogrecs closely with the descriptions of such 
houses obtained by ethnological investigators working among the 
Umatilla Indians in previous years. Host of the villages dug along 
the Columbia were occupied just prior to the coming of the white man 
in that region or represent tlie contact period. None of tlie latter 
appear to have been inhabited long after the visit of I ha I^wis and 
Clark expedition. The excavations also have shown that in many 
eases bunting actually played a larger {>urt in the economy than 
previously supposed. The basic source of food, of course, was 
fishing, but that activity did not provide the entire subsistence. 
Another interesting fact gained from the excavations was that (ho 
circular form of dwelling persisted into moi% recent times than had 
commonly been supposed. At several locations tlie excavations were 
carried on os coo|>enitive projects of tlie River Basin Surveys, the 
University of Oregon, the University of Washington, and the Wash¬ 
ington State College. In the spring of 1051 materials from the 
lIcNary Beservoir diggings were [irocessed at a laboratory provided 
by the University of Washington. 

The remains of an intert?sting small village were uncovered in 
the 'i’erniiuns Reservoir area on the Kaweah River in Tulare County, 
Ciiiif. The community had consisted of 14 houses and 3 distinct 
milling places. It was located on a well-drained knoll adjacent to 
tlie river. The house remains—with one exception—were found to 
consist of roughly circular floors varying from 8 to IG feet in diam¬ 
eter. The differing structure was oval in form with diameters of 
approximalcly 50 and 20 feet. In the floors of the lioinses were un¬ 
prepared hearths consisting of lens-slinj»d deposits of wood ash, 
Tlie floors tliemselves did not give evidence of having been specially 
prepared but probably were compacted through use. The upper 
parls of the houses were found to liave consisted of pole and tliatcli 
guiiorstriicturcs coveied with a layer of clay plastering. The fact 
that the houses had burned and that tlie day was fired sufficiently 
to preserve tlie imprints of the twigs and grass showed the type of 
construction. At three dilferent locations adjacent to tJie village 
the exposed bedrock provided places where the women had ground 
tlie acorns and other seeds used for food. At those milling places 
there were groups of mortar pits varying in depth from 1 to 0 inches 
and from 4 to 10 inches in diameter. The pestles used in the mor¬ 
tars were not present nt the milling places although a few were 
found in the course of excavation in the village. The regular ceme¬ 
tery for tlie villrtgB was not loi nted hut the remains of eight individuals 
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were fuimti hi tlie vilLigc area. Sis of thorn had bcoo buried, wlille two 
htttl been cremated, AppArouLly it wttSs not custoinavy to make funerary 
olTerings as in only one questionable case was an object found as- 
socinted with the hum an remains. 

Evidence pertaining to the economy of the people suggests tiiat 
they were primarily dependent upon vegetal fowl altliough animal 
bones fouml in the middens indicate that occasional deer, elk, harcis, 
ami rabbits probably supplemented (he diet. The people had botii 
pottery and steatite vessels. The ijotsherds indicate that the com¬ 
mon ware was that known from ethnugraphic soiireea of the Yokuts 
and Alono Indians. The fragments of steatite vessels from the site 
ate from a form that previously has only been reiiortKl from the 
Santa Barbara coast Numerous shell beads were found ns well as 
some made of steatite. Tlie latter niateilal was also used for making 
pendants of a variety of forms, lu addition tliere was some trade 
niPteritil show'ing contact with the whites. A few glass beads and 
fi fragment of glazed pottery, probably of Mexican origin, as well 
as steel prongs from a fish aiiear, uiuke it possible to date the village 
as liaving been occupied until about 18S0. 

The results of the excavation arc important because they provide an 
opportunity to study the material culture left by a group of iicople 
who occupied the region in historic times and concerning whom there 
is an unusually complete etlinograpbic record. Correlations of the 
data from both the ethnological and archeological sources of inf or- 
matiou will throw considerable liglit on the function and significance 
of the artifacts and various fcativrea of the site. Items of the mate- 
tial cultural previously known only through tradition are now repre¬ 
sented by actual objects, Tlie lower end of tbe Kaweah Canyon 
was formerly occupied by a small band of the "i okut Indians and it 
seems extremely probable that the village was inhabited by some 
nf tlie Same or a closely related people. Information on other vil¬ 
lage types wfts obtained elsewhere in California as the Archeologi¬ 
cal Survey of Uie University of California at Berkeley dug some 
village sites in the Pine Flat and Isabella Reservoir areas as 
n cooperative project. 

At the Medicine Creek Reservoir in western Nebraska a party from 
tlie River Basin .Surveys excavated in eight village sites. Six of them 
belonged to wliat archcologically is known ns the Upper Republican 
Aspect, while two were a variant of the Woodland. Evidence at the 
Upper Bepubliemti sites was that the bouses generally were built in 
clusters of two to four structures with considerable distance frequently 
separating the gituips. Because of that fact there is some (j neat ion 
us to wliethd' they should be called villages or simply family 
commimitics. In some cases it would bo dlllloiilt to determine where 
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wie village left off and another started. However, there are exam¬ 
ples showing that villages sometimes might contain os many as IS 
to 35 or 40 houses. The houses were of the earth-lodge type. Tlie 
floors sometimes were on or slightly below the original surface of the 
ground, while in other instances they had been excavated to a depth 
of 6 to 20 inches. They were roughly rectangular in form. The 
superstructure was supported hy four to six large posts set nt approx¬ 
imately equal distances from the single central fireplace. The outer 
Walls consisted of a series of smaller posts set in the ground around 
the peripheiy of the floor. Rafters probably extended from the 
outer wal Is to the smoke hole a bove t he fi replace Brusli, grass, and sod 
were then placed as a roof cover. The outer walls probably were 
enclosed by interwoven willows and grass and seemingly were bunked 
around the ouUide with earth. The houses had entranccwa}fs extend¬ 
ing outwurd 8 to 10 feet from a point near the center of one walL 
The entranceivays were 2 to 4 feet in width, and their floors usually 
were on the same general level as that of the house. Occasionally, 
however, the floor of the entrance was excavated below the general 
level to facilitate drainage. The entranceways usually opened to 
the south but examples were found wliere they faced the east, south¬ 
east, or southwest. Hidden or refuse areas generally w'ere located 
at the end and around either side of the entrancew'ay. Outside stor- 
age pits were also dug near the entrances, but a more common place 
for them was beneath the house floors. After eijch pits had served 
their purpose for the storage of vegetal products tiiey frequently were 
used ns dumping places for refuse. 

Artifacts uss^iciated W'ith such houses consist of ptitsherds, stone 
end bone implements, objects of antler, and a limited number of shell 
omamenta. The storage pits yielded charred kernels of corn, corn¬ 
cobs, sunflower seetLs, diarred nuts, and mellon or squash seeds; also 
bison bones, flsh bones, crayfish, and sliells from fresli-water mussels. 
The ^onomy obviously was one based primarily on agriculture with 
hunting a secondary feature. During the period that the River Basin 
Surveys’ work was being done the Nebraska State Historical Society 
excavated 14 house remains in 6 Upper Republican village sites in 
the Medicine Creek basin, and the material and infonnation obtained 
from them is being correlated with that from the other locations. 

Evidence from the two village sites where the Woodland variant 
occurred shows that the house type was much less developed than that 
of the Upper Republican. The dwellings were of the somisubterra- 
nean type, wuth tlie floors 12 to 18 inclies below the ground levol. The 
supcretructurc, while fairly permanent, was rather flimsy and prob¬ 
ably had a roof of brush with a grass and bark or skin covering. The 
houses wore grouped rather closely with a maximum of four to six 
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in n cluster. The houses did not have n vdl-defined fireplace basin, 
and there rras no particular pattern to the location of middens or pits 
throughout die general village area. The potte!7 oocurcing at such 
sites is not plentiful and for the moat part represents a rather simple 
type. The artifacts also do not show as much variety as those from 
Upper Republican sites and for the most part appear to be implements 
used for hunting and gathering. Bono bends were very common and 
tliero were other objects made of bone. Shell was also used for the 
manufacture of ornaments. The economy was mainly based on 
huntin g and food gathering. Deer and antelope bones are plentiful, 
and while there are some from bison they are not so common. Large 
numbers of bird bones indicate considerable dependence upon small 
game. In general the Woodland sites do not indicate os permanent 
an occupancy as those of the Upper Republican Aspect. While no 
definite stratigraphic evidence was obtained, the general feeling is 
that the Woodland sites are older. It is not possible at this time bo 
correlate the Upper Republican remains with any of the known 
tribes such as the Dakota, Pawnee, or Comanche, but this may be 
done later. Remains of that culture are believed to date from about 
A. D. 1200 to lAOO. Because of the seeming affimtit^ of the sites which 
are considered a Woodland variant, they hare been dated tentatively as 
belonging to the general period A. D, 500 to liiOQ {Kivett, 1949). 

At another location in the Missouri Basin, the Oahe Dam site just 
north of Pierre, S. Dak., the remains of an estremely significant vil¬ 
lage ware excavated. The village, called the Dodd site, lay in the path 
of the approach channel for the dsm, and it was necessary to make 
investigations there early in the construction program. The excava¬ 
tions at that locality constitute the largest project thus far completed 
along the main stem of the Missouri River. The remains of 21 earth 
lodges, 27 cache pits, and 16 miscellaneous features were uncovered 
there. Unexpectedly three types of houses were found, with definite 
stratigraphic evidence for a sequence of the various forms. There 
were circular earth lodges and two types of rectangular earth lodges. 
The latest structures at the site unquestionably were tha circular ones, 
Tite oldest of the rectangular lodges apparently were the smaller ex¬ 
amples which had a somewhat different pole arrangemeut from the 
larger ones. It has not be«i definitely established os yet, but it 
appears fairly certain that the circular houses are attributable to tiic 
Arikara. The icctangular ones have not been tribolly identified. 
Numerous cache pits were found in association with the various house 
remains and from the refuse which many contained several thousand 
specimens were recovered. Artifacts were also found on the ffoors of 
many of the structures. The material consists of potsherds and stone, 
bone, shell, and metal artifacts. Analysis of the specimens as well as 
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of the various animiit, bird, nnd fiali bones tind vc^table products from 
tho middens shoiihi give a clear picture of the material culture of the 
groups that lived there and iiiidotibtcdl3r will make a de^nita 
contribution to the knowleilrte of the area, 

FORTIFIED VILLAORS 

A sJiorl distance downstream from the Dodd site on the same sido of 
the rivor in tho construction area for tho dam was another known as 
tho Phillips Kanch site. Ft consisted of tho remains of a forti^ed 
villoge, of which there w'ere a number along the lilissouri River in late 
prehistoric and early historic times. The excavations there traced the 
moat and palisade that enclosed the village, imcovored the floors of 10 
earth lodges, cleared some 00 cache pits, nnd examijiad a large section 
of (he area lying between the honscs and the surrounding ditch. The 
bouses had been circular in form and in many respects were similnr to 
those of the last period of occupation at the Dodd site. One of the 
structures possibly was a “community house.” It was DO feet in diam¬ 
eter, and the outer wall had consisted of a double row of posts instead 
of the usual single row. Tlie entrance wns to the cast, and on tlie oppo¬ 
site side of the fire pit against tlio west wall there was an earth altar. 

The artifacts found at tire villuge include a large number of pot¬ 
sherds nnd numerous objects of bone, shell, stone, glass, and metal, and 
a few fragments of basketry. In general it appears that the Phillips 
Ranch village represents the stage following the hist period at the 
Dodd village and lK>1ongs to the final occupation of the region by tho 
sedentery peo'pics. When the data from the excavations have been 
fully tinalytetl they shouhl give a good picture r>f tho early contact 
I>eriotl. As in the case of tho Dodd site, it is evident that tho basic 
economy of the people was ogriciiltural but tliat hunting contributed 
an important part of the diet; fish fiom the nearby river also seem to 
have been utilized. Work at other fortified village sites in the Oahe 
Reservoir nnd in the Fort Riindnll Reservoir area farther south lias 
been started but ha.s not progressed stifiicicntly to warrant discussion 
at this time. 

In addition to the excavation of village reiiHiins in the Missouri 
Bnsiii by parties representing tho River Busin Surveys, the Univer¬ 
sity of South Dakota carried on investigations in the Fort Randall 
area at the Swanson site on the east side of the Missouri River nortli 
of Ctianiliorlain, at the Scalp Creek site on the south side of the Mis¬ 
souri obout 5 miles downstream from the Wlieeler Bridge, and in tho 
Oalie Reservoir area at tlie Thomas Riggs site on the east bank of the 
river approximately 10 miles above the site of the dam. ITio State 
Historical Society of N^orth Dakota investigated tho remains of the 
historic Fort Bcrtliold Indinii village in the Garrison Reservoir urea. 
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The University of tfontnna also escavnted in tlio Garrison Reservoir. 
The Driivereily of VVyomiiig dug sites in both the Boysen and Key¬ 
hole Reserv'oirs in that State. The Nebraska Historical Society car¬ 
ried on investigations in tiie Kfediciiie Creek and Swnniion Lake 
reservoir ureas In Nebraska ai\d in Uie Fort Randall Ih^scrvoir in 
South Dakota, Tlie Laboratory of Anthropology at the University 
of Nebraska c-Tcavated n large village at the Harlan County Reservoir 
in southern Nebraska. Tlie University of Kansas carried on investi¬ 
gations in the Kanopolls Reservoir in Kansas and in the Fort Randall 
Reservoir in South Dakota (see Cbampe, 1949j Hurt, lOftl; Meleen, 
1949). 

At the ’ftliitney Reservoir on the Bmzos River in Tcatas a historic 
Indian village known as the Stansbuiy site yieldeil interest itig data on 
naul-oighteenth- and early nineteenth-century Indian life In that 
region. House patterns with compact floor, post holes, central hre 
hearth, and bell-shaped cache pits were found. Material from It in¬ 
cludes trade items of French, English, and American origin. At 
anotlier location in Texas in the La von Reservoir area on the East 
Fork of the Trinity River digging was done in the remains of a vil¬ 
lage where there w-ns n large circular pit. There are 11 extensive 
village sites in that district, and each of them is characterixed by a 
similar pit. Such pits are a feature peculiar to the area, and their 
real purpose is in question. In an effort to detormiTte their original 
function, one of the pits was excavated. Tt was found to have had 
an original diameter of 65 fect and a depUi of 10 feet. The dirt from 
tho ori^nal digging had bcon plied around the periphery, forming 
a rim with a diameter of 90 feet from crest to crest, Tho floor was 
slightly concave and there was nothing to indicate that any type of 
structure had been erected over it. A burial area was found along tho 
coat rim of the pit and on the inner slope at the south side there was 
a grave containing tlio skeleton nf a wolf. Tlio animal had been 
intentioimUy interred and must eitlicr have been a village iiet or have 
had some totemie significance. Until more detailed studies have been 
made of the data obtained during the investigations it is not possible 
to tell whether the burial area was an integral part of the pit feature 
or was incidental to it. It is clear, iiowever, tliat tlic pit correlates 
w'itli the earliest perio<] of the village and that it remained in use 
throughout the occupation of lire site. There is no question that the 
village andedates any Enroiiean iniluence in the area and potsherds 
found there suggest that its age probably falls within tiie period 
A. D. 1200 to 1500. An interesting fact about the potsherds is tliat 
all represent trade wares, Apparently' there was no local ceramic 
industry. 
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ES:C!AVAT10NR IN OSIAJlOaiA ANH GEORGIA 

At the Tetikiller Ferry Eeserroir od the Illinois Biver in Oklahoma 
a Sirer Basin Surreys party excavated in a rilla^ area called the 
Cookson site. Two stages of occupation were found there. One 
was characterized by rectangular hoosea with four center posts and 
trench entrances. The other also had rectangular houses but with 
only two center posts and no evidence of entrance ways. The second, 
houses also appeared to hare had some form of bench or similar 
feature along the north wall. The artifacts associated with the 
first type of house, which apparently was the older, consisted of 
thick, heavy, single-faccd hand grinding atones made from water- 
worn cobbles; pitted atones which seemed to have been used es a kind 
of muller; slate hoes; chipped double-bitted uxes; and large and 
heavy projectile points. A small number of potsherds from a thick 
clay-tempered ware was associated with the artifact cmnplex, 
TIio materials found in and associated with the other form of house 
consisted of thin, two-faced hand grinding stones; the same type of 
nuiller as occurred in the first instance; and small, light arrow points. 
Slate hoes and double-bitted axes were missing from the leter liorizon. 
The potsherds accompanying the other artifacts were from a shell-tera- 
pered typo of ware wliich for the most part was undecora ted. The 
first stage represents a complex that culturally is probably fairly 
Mrly. The stone artifacts attributed to it fall within the range that 
is considerc<l typical of tlio so-called Archaic and early Woodland 
remains in the Southeast They also are common in sites in north¬ 
eastern Oklahoma that represent a prepottery culture and have been 
designated the Grove Focus. The second stage is tliought to correlate 
with what has been termcil tlie Fort Coffee Focus but certain of its 
traits indicate that it probably would warrant being set up os a 
separate focus. 

Tlie first type of house corresponds to that which is considered 
typical of the early Spiro component in the area of the famous 
Spiro Mounds which were located on the Arkansas River southeast 
from tlie Tcnkiller Ferry area, and the second type of house is 
considered similar to one of those in the late Spiro component. 
Four graves were found in the village area, and all apparently 
belonged to the early period. The cemetery for the later horizon 
was not locoted. TJie Universily of Oklahoma carried on a series 
of excavations at other sites in the Tcnkiller Ferry area siibse<^iient 
to the digging done by the River Basin Surveys party, and when all 
the results have been correlated there should be considerable infor¬ 
mation about aboriginal developments in that district. The tlniver- 
sitj of Oklahoma slso excavated in village remains in the Fort Gibson 
and Eufaula Reservoir areas and salvaged considerable material at 
both locations. 
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TliB Allatoona Reservoir on the Etotk'ah River near Cartersville, 
Ga., conEtitute^ one of the most oomplete units thus fur studied by the 
River Bnsln Surveys. Following a preliminaTy rcconnai^anoe of 
the area to bo flooded by the reservoir, a series of excavations was 
started at a number of village sites. In some cases the villages were 
well-developed comm unities, but in a few instances appeared to bare 
been of a more rudimentaiy nature. During the course of the work 
U sites were escavutcd and 10 were t^ed. On the basis of the results 
from both the surveys and the digging it was possible to outline a 
sequence of cultural stages in the Etowah River area, At least 10 
and probably 11 different periods were identified. Tltey extended 
from the historic Cherokee of about 1T5S bock to a prepottery phase 
when hunting and food gathering comprised the basic sustenance of 
the people. The various periods that were determined by the investi¬ 
gations have been named Galt, which is that of the historic Cherokee; 
Brewster and Lamar, which may represent occupations by the Creeks; 
Savannah and Etownii, wlticU probably are attributable to tlio same 
Muskogean stock but which have not yet been identified so far as the 
specific tribes are concerned; and the ’Woodstock, which still remnina 
to be correlated with a definite group but which is significant because 
it was characterized by a fortified village with a circular double pali¬ 
sade and bastions. Fortified villages in this part of the country ap¬ 
peared at a much earlier date than in the Missouri Basin. The 
Woodstock is the first period where there Is evidence for the growing 
of corn. Tlie preceding period, which la identified by a distinctive 
type of stami«d pottery dccomtion and indications tJiat the people 
load become at least sennsedentaiy, has been called the Cartersville. 
Preceding the Cartersville stage waa one that has been called Acworth. 
It waa represented by the remains of a village containing some 00 
round structures of varying sizes, a number of storage and midden 
pits, and a few graves. Definite indications of Hopewellian influences 
wore present in that horizon. Stone napkin-ring-type car spools 
were found in a grave of that period. Graves were carefully prepared 
and bark was placed over and under the dead. The pottery was a 
plain, well-polished ware that preceded the introduction of stamped 
wares in the area. Preceding the Acworth was a period that is known 
as the Kellogg. It was characterized by a semi sedentary hunting and 
gathering culture. There was considerable use of storage pits and a 
variety of acorns and nuts were recovered from them. It ^ms 
that the how and arrow first appeared in tiie Allatoona region during 
tliat period. Prior to the Kellogg was a period represented only by 
a certain type of projectile point and scattered finds of potsherds from 
a fiber-tempered kind of iwttery. That period has b«n designated 
Stallings because the points ond potsherds are similar to tl^ose oc¬ 
curring on Stallings Island in the Savannah River farther east. The 


37(1 ANNUAL RE:P0IIT SAfTTHSONTAN tN^iTirUTTON, 1951 

**Idoist of the sequences, wludi tentatively has Leeii designated Pre* 
pottery, preceded the Stftllings. Tlie Prepottery stage timy represent 
several periods and cover u long duration of time. Throughout that 
stage the people made no pottery, did not have pipes, practiced no 
agriculture, and possibly had no houses. At least no evidence was 
found to indicate any type of structitre. The economy probably was 
btisictilly bunting and gathering and the nniin weapon may hax’e been 
a javelin hurled with a spear thrower (Caldwell, 1948), 

The University of Georgia dug oins site in tho Allatoona area and 
uncox’ei-ed tho remains of a square earth-covered stniotiire. Rich 
midden de|>o3ite were found on tJie iioor of the structure and in Uie 
surroiHiding urea outside, Three levels were recognized in tho refuse 
accunmltttions. l iiey rejn-cseiited successive groups attributable to 
till) Lamar, Savtitinali, and Rtowali jieriods. Considerable informa¬ 
tion was obtained pertaining to the various pottery types for tlie 
dilferent stages and tho data make tlie ceramic picture for the area 
much clearer. Originally the site was liiought to be one containing 
a mound. The excavations, however, shoxved tliat U> be an erroneous 
idea as the feature that had been so identified turned out to be tlie 
remains of the largo earth lodge with its associated midden deposits: 
Tho extensive and well-known Etoxvah Mounds lie some dis taTif-it 
beloxv the Allatoona Dam and xrere not invoilved in any of tiie xvork 
connected w ith tlie construction of the reservoir (Sears, 1950). 

HOUND KXCAVATIONS 

The excavation of large artificial mounds has not been attempted 
to any extent thus far. Projects of tliat nuture require such large 
crexvsof workmen and so extensive a program of operations tliat it has 
not been possible to undertake that type of investigation with the 
funds available. Some digging bus been done in mounds, however. 
At tlie Fort Gibson Reserx^oSr on tlie Grand (Neosho) River near 
^^“SSoner, Okla., two mounds out of a gi'oup of six remained at tho 
Norman site. Four of the mounds had been investigated by tho 
University of Oklahoma several years prior to tlie starting of the 
Rix'er Basin Surx*cys. One of the two remaining mounds was the 
Inrgest at llio site and was connected to un adjacent low mound by a 
ramp. Small test excavations had been made in the low mound, but 
Ihe large one was virtually intact. It represented a stage in cultural 
florescence in the southern United States about which very little is 
know'n, and it was thought that it might be comparable to tlie famous 
Spiro mounds located in an adjacent county, xvhicli were destroyed 
by treasure liiintcrs about SO years ago. For that reason thorough 
excavation of tlic remaining mounds and the surrounding village area 
had been recommended by tlie survey party that examined the site. 
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While tlia question of funds for doing the work wns still under 
consideration, a University of Oklahoma summer field party 'trent to 
the Norman site and found that nearly all the villngn area and all 
mounds with the exception of the largest double unit had been re^ 
moved by the bulldozers of the construction contractor, Kven the 
large double unit had been damaged. The western periphery of Uve 
large mound had been cut away and several feet of the smaller mound 
had been removed. With the assistance of the resident and district 
engineers of the Corps of Engineers, the University of Oklahoma was 
able to have the operations stopped until some archeological work 
could be done. The University of Oklahoma field party then pro¬ 
ceeded to excavate portions of several house sites still remaining near 
the large mound. Wliilo this was under way cooperative arrange¬ 
ments were made between the River Basin Surveys and the University 
of Oklahoma whereby excavations were started in the large dotible 
mound. 

The initial digging consisted of cutting a trench across the saddle 
between the two parts of Ihe unit. Tlie side of the trench toward the 
larger mound was then carried forward with the purpose of removing 
the entire mound by cutting a continuous vertical face. It soon became 
apparent, however, that time would not permit the use of a tech¬ 
nique and accordingly a 10-foot trench was driven through the north- 
south axis of the mound in order to reach its base and to obtain 
n complete profile of the structure. Contrary to previous ideas con¬ 
cerning the mound, it yielded very few specimens. It was learned, 
however, that its main portion was composed of six superimposed 
platforms, which must have been the placements for ptibile buildings. 
No complete post-hole patterns were discovered on any of the platform 
levels, however. The top of the fifth stage above the base showed that 
it had been divided into two nearly equal areas by a single row of posts 
and there was evidence of a severe coiiflagmtion which undoubtedly 
had taken place in pre-Columbian times. The top level contained the 
remnaiitji of four human burials. The bones were in such an advanced 
stage of decomposition, however, that little remained to indicate their 
character or the form of burial that had been followed. The top 
level also contained a number of glass beads whiclv presumably indi¬ 
cate a historic contu(;l during the final days of the occupation of the 
adjacent village. The in formation contained tn the mound is not 
of particular significance in itself but when added to that obtained by 
earlier work at tlie site rounds out the body of data for tlie area. At 
the present time the top of the large mound is the only part of the 
Norman site that may be seen above the waters of the Fort Gibson 
Keservoir. 

Test excavations were made in two mounds in the area to be fiooded 
by the proposed Buford Reservoir on the Chattahoochee River in 
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Georgia. Both mounds were uarecordcd previous to tlie surrey made 
in that area. One ol tbem gave evidence of haring been erecb^ over 
s small natural knoll, On its summit were the outlines of a small 
&i]uare house in which there had been a bench or throne at one end. 
The mound appears to represent a rather late and previously unknown 
complex which is pre>Ijamar in age. The liamar culture is considereil 
to belong to the Temple Mound II period which is dated at approx¬ 
imately A, D. 1450 to 1700. Lamar is correlated with the Creek-Chero- 
kee peoples and it may well bo thot the group building that particular 
mound were proto-Creeks. 

The other mound in the Buford Seaerroir may possibly be one of 
the oldest artificial structures thus far discovered in Georgia. Con¬ 
tra^ to other known mounds^ it apparently waa not intended for 
burial purposes and was not accretional; that is, it was not produced 
by the gradual accumulation of debris over a large, continuously 
inhabited area. Furthermore, it does not seem to have been intended 
as a place for domiciliary stmetures or for a temple platform. All 
the evidence thus far tends to show that the mound probably belongs 
in the Forsyth Period which in the general category of southeastern 
cultures Is known as Burial Mound I. The latter period la postulated 
as having occurred from A. U, 700 to 900, As far as the present 
mound is concerned, one explanation is that it may have been erected 
for ceremoina! purposes even though there was no structure on its 
summit or the stracturci was ao flim^ that no traces of it remained. 
A siniple earthen platform without any form of temple on its summit 
would be the logical beginning for the developement of that part icular 
complex. 

SMALL BI'RIAL MOUNDS 

Some W'ork waa done in small burial mounds. Two of the latter 
were dug at the Wlieeler Bridge mound site in the Fort Bandall 
Reservoir area. In one of them there were 12 bundle burials, whilo 
the other contained two or possibly three of the same type. Inas¬ 
much as there were no funerary offering accompanying any of the 
burials and other material in the mounds was scarce, there was noth¬ 
ing to indicate possible cultural relationships for the remains. Mounds 
of such typo are exceedingly rare along the Missouri River itself btit 
occur in increasing numbei^ farther east, particnlarly in the James 
and other lesser stream valleys. The Wheeler Bridge mounds had 
been greatly re<luced in size as the result of long cultivation. They 
were approximately 49 to 60 feet in diameter with circular outline 
and rose to a height of about 4 feet Below each was a rectanguloidal 
pit, which had been dug into the imderlying surface and the disarticu¬ 
lated bones of several individuals were found in them. The larger 
mound had the suggestion of a prepared day floor, and the pit con- 
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taining the bones had been covered Tvith logs: An intereating feature 
in eonnection with the leg and arm bones of one of the bundle buriala 
was the presence of perform iona near one end. Soch treatment of 
bones had not previously been reported from the upper itissouri and 
Great Plains re^on* 5fot aU the indi.viduals represented by the 
bones from the mounds had been buried in the pita; eome presumably 
had been placed there later. The village whore the people who built 
tile burial mounda lived was not located (Cooper, liM9, pp, 309-310). 

The University of North Dakota working in cooperation with the 
North Dakota State Historical Society excavated two burial mounds 
on the east bluff overlooking the left bank of the Sbeyenno Biver 
in the Baldhill Reservoir area in North Dakota. Both mounds were 
roughly circular in ontlme and approximately 100 feet in diameter. 
They sloped gradually to a truncated conical shape. They were 
built almost entirely of top soil and rose to a height of G to T feet. 
Both had had a central rectangular-shaped pit roofed with o4ik togs 
and containing masses of disarticulated human bones. Tbis feature 
was similar to the Wlieeler Bridge mounds. In addition^ in one of 
them there was a second and shallower grave pit adjacent to the main 
chamber. The ^ond had not been covered with timbers. It con¬ 
tained four more or less articulated nnd well-preserved adult skele¬ 
tons and fragments from at least two mfant skeletons. The four in¬ 
dividuals apparently were buried simultaneously and the infants may 
also have b^n a part of the same interment. In the other mound were 
the remains of a burial that probably was placed there long after 
the mound had been built The latter represented a different culture 
group (Hewea, 1649). 

Artifacts were not numerous in cither of tlie two mounds, and they 
ai^ of little help in determining the culture represented. One or two 
interesting items were found, hoAvever. One of them was a fragment 
from the alveolar portion of a human mandible which was ground 
flat at the level of the midpoint of the tooth roots. Several teeth 
from w^hidi tlie roots had been ground were found nearby. At a lower 
depth a complete upt^er dental arch and palate^ made from n human 
moxilla, carefully cut and ground dmvn, was recoTered. The object 
closely resembles an artificial up})er ]date. What the purpose of 
such altered human jawbones may have been has not been determined^ 
but they evidently served some specific function or the time and 
trouble necessary to make them would not have been sx^nt. It is 
difficult to believe that the 'hippcr’* conld have been intended as a 
denture, but such may have been the case. Some toothloffl Indian 
in desperation might have tried to do what European dentists of the 
period found a dillicutt task, l^lany of the bones from the burial 
pits were covered with red ocher, which probably 'was applied at the 
time they were placed them and ia a good indicatldn that secondary 
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burin I was practiced. In general tlie Bjilditill mounds sliow consider¬ 
able similarity to those hi that portion of North Dakota, in northern 
Minnesota, and in southern Manitoba. All probably l^lotig to the 
Mine cultural complex. The actual people involved Imvo not been 
Identified as yet. 

B[trial in mounds was not the only form of Interment practiced 
by the nborigines. Otto interesting form of cemetery, which has 
been designated “shell l*ead ossuary” because of the large mimlwr 
of beads iiuide from fresh-water and maritie shells used as inortmirv 
ofTcrings, ap(»ars to center in tlie Republican River dfiiinaga in 
South-Central Nebraska. One such feature was excavated in the 
Harlan County Heservoir area by a River Bnsin Surveys party. Tlie 
site Was complex, for originally a seHes of pits had upparently been 
dug to receive iiidiv*]d[ial or small groujis of burials. SuljswiuotitVv 
R large oval basin was excavated in (ho same area, destroying all but 
the bottom portions of the older pits. A large series of secondarv 
burials was then placed in (he basin. Tlie human remains were 
disardcnlated and scattered, with little regsird for orderly arrange¬ 
ment, over the floor of the hosin. They were not what is knovvn'as 
bundle hurials. It is poMible that the small individual pita may 
have been the primary depositories for remains that were Inter ex¬ 
humed and placed in tltc basin, hut such was not established by the 
evidence. The smaller pits may hawe had some other function. At 
various places in the basin there were indications tliat considerable 
burning had occurred and layera of charred twigs and timbers appar¬ 
ently separated the human remains. Some of the human bones and 
shell beads that were abundant in the fill were charred. TViiether 
this indicates that there was some cremation or is attributable to 
other reasons is not clear. Since the burials were secondary and all 
the soft parts of the bwly pi^-snmably had disappeared Vrior to 
the placing of the Iwiies there, it seems strange tliat an attempt at 
cremation would have Iwen made. On tlie other hand, there is the 
possibility that some of the bodies had not been exposed sufficiently 
long to lose all the skin and Jlcsh and tlmt some attempt was made to 
remove it I»fofo the pit burial was completed. One other suggest ion 
■s that scaffold burials may have been damaged by prairie fires or 
had collapsed ami subsequently were burned and w hen the bones were 
gnthmxl up and placed in the pit charcoal from the timlicra and 
grass was thrown in along with the bones. An interesting number 
of prob eirm have been raise^l, and further work in such ossuaries 
W’l Jl no doubt solve some of them. 

In addition to tlie secondary burials in the basin, there was one fully 
articulated individual that unquestionably represented a flesh burial 
It was in the deeper part of the basin and may have been one of the 
original undisturbed intorments. The person was an adolescent and 
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the skeleton wus senuflexed, lying on ita left side. Rows of shell-disk 
beads in alignment were around the skeleton in the pelvic area. Other 
rows extended up the chest and around tiie neck. Many of the rows 
consisted of beads that were well ground and evenly matched, while 
others contained blanks tlmt had b^n perforated and strung but had 
not been given tire final smoothing that is typical of a fmi^ed bead. 
Triangular shell pendants Wei's found in the vicinity of the skull. 
In addition to the sliEll-disk beads tlicre were worked ifcctlons from 
marine shells. The skeleton was removed intact in a plaster cast and 
has been prepared as a special exhibit of one form of burial. M far 
ti 3 could be delermbied from the scattered bones, at least 61 indi^duals 
had been placed in the basin and pits. Artifacts associated with the 
bones suggest that the people belonged to an early variant of the 
Woodland culture. 

In the McNary Reservoir basin on the Columbia River two cenw- 
tcrics adjacent to village sites were investigated. At one of them 50 
graves were found, while at the other tiiree were IT, as well ns traces 
of some cremations. At the large cemetery the bodies of many of the 
adults were placed in plank cists, a feature that is more or less typical 
of the recent Plateau culture. Funerary offerings accompanying tlw 
skeletons consisted of both native artifacts and white trade goods. 
The presence of Colonial uniform buttons made as early os 1T60 and 
the absence of firearms used in that area beginning in 18U indicate 
that the plank cists probably fall within a period slightly after 1750 
and prior to 1810. A single burial complex apparently is represented 
by the cemetery. The skeletal material is important because thus far 
sulHcient remains for a study of die physical characteristics of the 
people living there have not bean available. Furthermore, since the 
bones represent a single closely dated sample, they are particularly 
useful. In all, 57 individuals are represented by the bones from the 
50 graves. Thirty-seven are adults, while tbe remainder ato children 
and infants. Tliere is not sufficient knowledge of the physical char¬ 
acteristics of the people of tlie area to permit tribal id^tification, but 
it eecitis certain that they belong to one of the middlo Columbia 
Sahaptin grouiia- The skulls all show artificial cranial deformation. 
In some cases the deformation is only a flattening of the occiput, whilo 
in otliere the deformation is of the fronlo-vertieo-occipita 1 variety. 
It is interesting to note that tlio latter occurs more frequently on tUa 
female skulls than on the male and that the female skulls are more 
highly deformed. A few pathological changes are inelicateil by the 
skeletons but they are confined for tlia most part to middle-aged or 
older individnnls. The oldef ailment from whicli the people appear 
to have suffered wjig of an urtbritk nature. Most of the adults sliow 
considerable wearing away of the teeth but deutul canes were not 
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comiiion and when they were present apparently were due to the ax- 
posutie of the tooth pulp through the grinding off of the enamel from 
the molar surfaces. Studies of the remains of the 17 individuals 
from the otlier cemetery have not been completed, but in the main 
they should hIiow much the same features as tile othei's. 

Higher up tJie Columbia Biver at many village locations the main 
form of burial appears to have been in rock cairns. A large number 
of the latter were esamiiied in several reservoir areas, but in virtually 
every case it was found that tlicy had been disturbed by curio hunters 
ond little remained of the contents. Funerary offerings had been re¬ 
moved and tlie bones scattered and broken so that they are of no value 
for study purposes. 

At tho Biiggs Island Eeservoir on the Boanoke fiiver in southern 
Virginia a relatively large number of burials were found at two sites. 
Tlie burials were not in what might properly be termed cemeteries 
but Were scattered in and around the viliage areas. In some cases 
they Were in refuse middens; in others they were found beneath floors 
of the houses. At one of the sites just east of Clarksville, Va., 7T 
burials widi accompanying artifacts were exhumed. At another on 
Occaneechi Island not far from Clarksville 44 were found. The latter 
were interesting because not only were Uiero examples of practically 
all forms of body placement ranging from the fully flexed to the ex¬ 
tended, but in addition there was evidence of partial cremations. At 
the Occaneechi Island site a niunber of burials had turtle carapaces as 
funerary offerings, la that connection it hns been suggested that tliey 
may have had totemic significance and indicated that the ownere had 
been members of the turtle clan. If such a postulation is correct, that 
is the first definite evidence for attempts to designate clan affiliations 
in the Southeast. Study of the bones has not been completed but 
enough has been done on them to show that useful data will be forth¬ 
coming and that tliey will provide an excellent source of information 
on the physical types of ilie people living in tliat area In pre-CoIoniai 
times. 

HtSTORIC SITES 

In comparison with investigations at aboriginal locations, work m 
historic sites was not extensive. At the Whitney Reservoir in Texas, 
however, studies were made at the Towash Village, the remains of an 
early wliite settlement on the Brazos River dating from tlie I840's to 
recent times. The first dam and bridge on the Brozoa River were lo¬ 
cated thcre^ and their ruins, as well as those of the old stone store and 
church, were still to be seen. Measurements and photographs were 
taken in order to make scale drawings of the buildings. The location 
and general nature of the other structures pertaining to the community 
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were also determined, and a fairly complete record will be available for 
future refeience. The Towasli Village^ as previously mentioned] was 
not far from the Stansbury site, a historic Indian village which also 
was ejcCDrated. jVnother historic site studied in the WTiitney Reser¬ 
voir basin was that of Fort GraUanij a frontier post dating 1849 to 
1S54 The otitlines of one of the buildingsis as well as several other 
features, were located, and it was determined that thei ^Village of the 
Caddoes,” which was visited by Carl Ferdinand von Roemorj the 
German geologist, hi 1846, also had been situated there. 

The Falcon Heservoir area on the Rio Grande below the village of 
Falcon in Starr County, Tes-, contains a large variety of both historic 
and aboriginal sit^ The historic sites, consisting of the ruins of mis¬ 
sions, ranches, and small villages, are attributebte to the Spanish, iles- 
ican, Republic of Texas, and j\jiierican periods. Some preliminary 
digging was done in Spanish-Mexican colonial remains, both by the 
University of Texas as a cooperative project with the National Park 
Service and fay a party from the River Basin Surveys. Local tradition 
contains little or no information about most of the sites and no mention 
is made of them in the better-known histories of the area. The ar¬ 
chives in Mexico City or perhaps in Spain may contain documents 
bearing on the colonial communities which once thrived there, but their 
former existence presumably was not known until they were found by 
survey parties. Prelimiirniy digging has shown that at some of the 
colonial sites aboriginal and Eiitopean sections of the community 
existed side by side but remained distinct, while in others the Indian 
and white groups intermingled and materials from the different cul¬ 
tures are mixed. Much merited additional work in the area would 
undoubtedly add greatly to the knowledge of the Spanish Southwest 
and also w'ould throw needed light on some acculturation problems. 

Excavations in historic sites m the Missouri Basin have been confined 
mainly to frontier army and trading poi^U. In t!ic Fort Randall Res¬ 
ervoir area in South Dakota digging was done at the site of Fort Hale 
on the west side of the river some distance above the present town of 
Chamberlain. Fort Hale probably was occupied during the 1870-s* 
At that location evidence was found of a largB building that probably 
had been a trading post and tw o smaller buildings that may have been 
part of the miiitary esteblisliment, and thoro were traces of a stockade. 
There also w as evidence for an earlier Indian settlement. In the same 
general area but about 4 milea downstream on the oame side of the 
rjvar was the site of former Fort Lookout, which was both a military 
nnd a trading post. Work there revealed the fact that not only was it 
the site of Fort Lookout hut that it also was the location for the earlier 
Fort Kiowa. Fort Kiowa was established in 182^2 and abandoned in 
June 1825, Archeological evidence indicated that its abandonment 
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muy well have been due to the results of fire as some of the stnictures 
unquestionably had burned. Foil Lookout was esUbltslicd at the 
same place in ffovember of although the new post was erected 
several liundred feet nortlieust fiom the remains of Fort Kiowa^ and 
was occupied until 1834, when it was abandoiied- It was reoccupied 
6 years later and again abandoned in 18*13, ’VVliether it was built at 
the same time as the new fort or somcwlmt later is not now known ^ but 
the trading post was placed over the ruins of a portion of Fort Kiowa. 
The post was discontinued when the fort was abandoned, but the 
American Fur Co. revived it in 1840 and continued to operate it until 
185 L Digging at the site showed tJmt the location also had been fav¬ 
ored by the Indians. At some time previous to the historic occupation 
a group having affiliations wuth the Upper Eepublican culture lived 
there, and considerably before their tenancy other Indians with a vari¬ 
ant form of W^oodland culture had chosen the spot for one of thoir vil¬ 
lage. Objects recovered during the digging include specimens of the 
handiwork of both whites and Indians and the I'csulis of tlieir analysis 
will give on interesting story of changing cultural materials over a 
relatively long period of time. 

About 8 mileg farther downstream is the location of Ixiwcr Fort 
Brul^. The latter was occupied 1870 to 1884. The remains of a 2-uiiit 
slruetiire connected by a hroe^ceway were uncovered there, and an 18- 
by 12-foot cellar was cleaned of its accumulated debris. From the 
latter a large cartlicnwiire crock and Ej>ecimcns of metal were recov¬ 
ered. Ill addition, an abandoned well was excavated, and the refuse 
from it wita found to contain some 30 ^^snow snakes.^- Some of the 
latter had realistic designs scratched into their surfaces, while on 
others the decoration wa^ geometric in form. **Snow snakes^ usriially 
were made from the rib bones of bison and were used by the Indians 
in playing a rather simple game. The players would slide the objects 
along the froKcn cruat or in a rut in the snow. Tlic main purpose was 
to see w'liich of the *^snake.s’^ would come nearest to a line marked 
across the course or which would attain the greatest distance* Numer¬ 
ous objects attributable to the white occupation of the site were also 
found there* 

Farther north along the Missouri River at the Garrison Reservoir 
in North Dakota digging was done at the site of Fort Stevenson* The 
latter was a typical Missouri River frontier post and was built both to 
keep the Kfigsouri River open for navigation and to protect the Fort 
Bert hold Indians from the S1ou?E. In addition, the post served as 
one of the main points on the overland mail route which ran from St 
Paul to Montana. Although the fort was started in 1807 and was 
completed late in I8C8 and there are considerable documentary data 
about it, useful new information pertinent to the actual character of 
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the post and certain Indian relationships was obtained in the course 
of tlie work. 

While no aetnal digging has been attempted there as yetj the re¬ 
mains of Fort Charlotte were located in the Clark Hill Keserroir area 
along the Savannah River in South Carolina. Plans cal! for digging 
at that site. Fort Charlotte was built in 1705 as one of tlie Colonial 
defenses against the Clierokee Indians. South Carolina troops seized 
it on July 12, 1775, and it ooiitinnnd to be occiipitHi by Colonial troops 
until tho close of tlie Revolutioiiury War. An excavation program 
was planned for the site because there ia lack of accurate information 
about tlie true nature of tlie fort and also because certain phases of 
its history correlate with Indian activities in that arcfn Materials 
obtained there should correlate with those from late aboriginal sites 
in Georgia and sliould provide useful in formation about the early 
Coloni al influence on the nati ve ctil lures. 

As the program os a whole progresses, there undoubtedly will bo in¬ 
vestigations of comparable remains in other re^rvoir areas, but the 
historic aspects probably will never loom as large ns those i^eitaining 
to the aboriginal peopltis. 

Petrogl 3 ^[>hs and rock paintings are found in many of the arcus that 
wil 1 be i nund ated. Pa rticul arly fi ite exam pies occur a long the Colum¬ 
bia River and in the canyons of its tributaries. Various localities in 
California have interesting examplca of that form of aboriginal art 
and there are numerous locations in the Missouri Basin that liavctlieir 
characteristic symbols. In some cases the designs and Ijfe-forra fig- 
urfts were cut or pecked into fhc faces of cliffs and large boulders, 
while in others they were pointed on the flat surfaces of the rocks, 
Tlie 1*0001111 ng of such examples of obtjriginal work constitutes one of 
the tasks of preserving informnlion about die Indiams, and a number 
of methods were employed. In most cases the potroglyphs and rock 
paintings W'cre photographed both in black and white and In color. 
Scale drawings were also made and, wheiie [sossible, tracings were 
taken from the larger and more complicated groups of figures. In a 
vast majority of coses the pktographs probably have no particuhir 
meaning but an occasional symbol may represent a particulur deity 
or refer to some specific legendary cliaracter. IVlien studies have 
been completed on the mass of such material being collected, there 
should be belter understanding of the signifit;aiu*e of the pictographs 
and rock paintings. 

NEW AnCIlEOI^ICAL TECHNIQUES 

During tho progreSBof the surveys and excavations under the River 
Basin Survey's^ program a number of new teehniques have been de¬ 
veloped. The most important, perliaps, from the standpoint of exca¬ 
vation* is the use of heavy equipment for tha removal of ovcrbuiilen 
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from buried cuUurnl layers. When digging was started at the Medi¬ 
cine Creek sites in western Nebraska the time available for iworering 
the arclieologicAl materia] was so short thiit it was deemed necessary 
to take rather drastic steps* As a consequence, even though mechani¬ 
cal aids arc generally frawned upon liy ai'clieologistSj bulldosiers and 
highway-grading macliinery lent hy the Bureau of Reclamation were 
used to strip the sod and other corer from entire sites. As a resultj it 
was possible to observe the complete village plan, to study village put¬ 
ter ns, and to discover small features not readily determinable when 
the usual hand-labor methods were employed. The results at Medi¬ 
cine Creek demonstrated the practicability and effectiveness of heavy 
equipment in uncovering archeological materials witii a minimum of 
breakage, and wherever possible the use of such machinery was ex¬ 
tended to other projects* Bulldozers were employed in some of the 
digging at the Angostura and Oahe Beservoiis in South Dakota and 
at the Falcon and La von Reservoirs in Texas. Highway patrols were 
found to be very satisfactory in the Tciikiller Ferry Reservoir in 
Oklahoma aa well as at the Medicine Creek sites. IVhen the over- 
butxleri is removed from a site by such means, a small crew of laborers 
can accomplish in a few short weeks what under older methods of 
excavation would require ma 4 iy niontlis of effort. Furthermore, whcJi 
a village area is uncovered in that w^ay. much more Js revealed than 
when the work is d(>ne by hand labor. In the Southeast, however, 
because of differences in the soil and conditions of greater moisture, 
heavy equipment has not fulfilled the requirements. In most cases 
it tends to crush the underlying material or to bog down. 

paleontological sstcdies 

Pflleontological investigations have not played as large a part os 
those of an archeological nature in the River Basin Surveys- program 
for two reasons. In the first place, bone deposits are riot restricted to 
the banks of streams and in many cases similar material may be 
found at locations which will not be flooded by the rcsen'oirSi Sec¬ 
ondly, such deposits as are exposed in reservoir basins are not tvs exten¬ 
sive or as numerous as the camp and village remains left by the 
Indians. Consequently, they do not call for as much work* The 
paleontologist as a rule does not sit down and spend long periods 
digging at a single bone hod hut generally moves about from outcrop 
to outcrop to see what has been ex]>osed by erosion, and i f the prospects 
seem good does some collecting. In the course of several seasons^ 
work, he may revisit the same locality a number of times, spending 
only short periods in digging* In the present program, paleonto¬ 
logical and geological studies have been carried on in a large number 
of reservoir basins throughout the Missouri drainage and at several 
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ID Tesas. While not spectacular in the main, the results obtained 
have been quite satisfactory. 

In the Missouri Basin the paleontological parties have devoted con¬ 
siderable time to the Cretaceous and Tertiary deposits. In Lewis 
and Clark and Broadwater Counties in Montana where the Tertiary 
stratigraphy was imperfectly known from the time of its discovery 
in liKH by the late Dr, Earl Douglass, the River Basin Surveys’ work 
definitely established the presence of Lower and Middle Oligoccne 
and Lower and Middle Miocene in the area. In North Dakota it was 
shown that the Cannonball Marine member of the Fort Union forma¬ 
tion has a much greater areal distribution than previously supposed. 
Investigations of the Eocene deposits in the Big Horn basin in Wy¬ 
oming produced evidence that confirmed previous conclusions of mem- 
bere of the United States Geological Survey who mapped the stnic- 
turo and stratigraphy of tliat area. Specimens collected there, al¬ 
though for tho most part rather fragmentary, were sufficiently well 
preserved to establish tlie age of those beds eis belonging to th® Lost 
Cabin faunal zone of the Lower Eocene, a fact that had not previously 
been demonstrated. In the material obtained is the most nearly 
complete skull yet found of the primitive insectivore Didel'phodus, 
Specimens co'llected from the Oligoceue deposits In Montana consist 
principally of marsupials, insectivores, rodents, and small artiodac- 
lyk. One of the insectivores was found to l>clong to a problematical 
family that previously was not known in deposits later than the 
Upper Eocctie, Furthermore, tho qjccimcn is the best preserved yet. 
collected and adds many details of the skull and dentition to the 
knowledge of that group. The material obtained from the Miocene 
deposits consists of large oreodonts, beavers, rabbits, and small ro¬ 
dents, Collecting in the Upper Cretaceous Pierre Bhal® provitled 
specimens of complete fish, Thriss<tfatetf turtles, and mosa- 

snur skulls. 

Paleontological studies outside the Missouri Basin were confined 
chMy to tlie Garza-Little Elm and Lavon Reservoirs ou the Trinity 
River, Tho material from Uie Lavon area came mainly from the 
Upper Cretaceous deposits and oonsistwl of a small mosasaur {uni¬ 
dent) skull and tJie skull of a large inosasaur ( Tyhimtrm 1). At the 
Garaa-LUtle Elm project u smell Pleistocene fauna was collected 
from a borrow pit near the west end of the dam. Included in tho 
material are bison, horse, gopher, and aquatic turtle, 

The University of Nebraska State JIuseura carried on cooperative 
paleontological work from the beginning of the interagency pro¬ 
gram. Considerable collecting was done in the area of the Harlan 
County Dam in soutliern Nebraska, Most of the attention of the 
ifuseum field parties was directed to the Pliocene deposits and a 
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good mngc of fossils wag collected from them^ Fish and reptilian 
remains from Cretaceous deposits were salvaged from the core trench 
of the dam and also from the borrow pita. The most valuable speci- 
mene, however, came from the Republican City Terrace fill and liave 
proved to be of great a^istance in terrace studies of tliat region^ 
Several seasons were also si>ent working fossU quarries in the Medi¬ 
cine Creek Reservoir basin in western Nebraska. The deposits there 
were in the Upper Ogallala of the late Pliocene. Specimens coF 
lected consisted of the complete skuH of a fosgil beaver and bones 
of insect!vores, carnivores, rhinoceroses, perissodactyls, artiodactyls, 
and rodents. Those forms reportedly represent the latest Pliocene 
assemblage found thus far in the Great Plains region and will bo 
extnmiely helpftil in establishing the IxJtmdary between the Pliocene 
and Pleistoeene* Partii^ from the Nebraska State Museum have 
also visited reservoir sites in South Dakota and Wyoming and have 
been watching erosion areas in those districts for possible bone beds. 
The work of that institution has been particularly helpful to geologic 
etudics in the Missouri Bnsin. 

FtlTUnE OF THE WORK 

Mention has been made of the fact that the Inter-Agency Salvage 
Program is shifting from mainly reconnaissance work to more es- 
cavation projects. The next few years should see an even greater 
trend in that direction, ITowever, there are still areas where pre¬ 
liminary atirvoye will need to be made, and new reservoirs imdoubt- 
cdly will be proiKiscd from time to time and the basins involved will 
need to be investigated for archeological and paleontological mani¬ 
festations. The next few ycar^ should see a marked accelemtion in 
intensive excavation. In addition to nnmerona large village sites 
in die Missouri and Croliimbia Pasius tliat eihould be diig^ similar 
work will bo required at some of the projects in California, Texas, 
Oklahoma, Arkansas, AfiEsissippi, Georgia, and a number of States 
along the eastern seaboard. 

The next step in the program following excavation is that of the 
publication of the results^ Tliis is perhajis the most important phase 
because it will make available to those interested in the subject the 
Information obtained f]x>m the Held researches. Hie third phase 
of the program is now getting started. Some of the detailed reports 
on work at specific sites are nearing completion and others will 
sliortly follow. They should appear in print within the next year 
or two. Summary articles about the evidenco found at some of the 
more significant sites in the Afissouri and Columbia llaging, in Cali¬ 
fornia^ Texas, {Toorgiu, and Virginia, have already appeared in scien¬ 
tific journals and n series of papers eonstituting a Bulletin of die 
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BurcfkU of American Etlmology is beiug published* Various oo- 
opemtjng histitutiotis have published reports on their invcstigatioiis 
in bulletins Issued by them* 
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Artificial Lighting in America: 1830-1860 


By C Malcolm Watkins 

Anaciait Ctitaicrf Diviswtt a/ Ethnciogy, Unii^d Nuthmi A/uieum 


twith a itiBtMj 

Tin: TJiW^E decades from 1830 to I860 are of special sigtiificance in 
the history of artificial lighting in America* It was during this 
period tliat radical departures were made f rom troditioiti and profuse 
invention paved the way to modern lighting. It was an era of trial 
and errorj of the search for cheaper fue] and light. It bridged the 
gap between the primitiFe lamp and the mass-produced lighting de¬ 
vice and ended with the adoption of the first refined petroleum fi^eh 

In its limited sphere this development reflected the larger design 
taking shape over the country as a whole. During these years 
traditional colonial patterns began to be disrupted by novel forced 
whose effects marked the emergence of modem America^ Railroads, 
factories^ cities^ and population shifts were the outward indications, 
and causes as welh of enormous transformations* The boiling up¬ 
surge of the era impressed foreign visitors to America* Ijady Em¬ 
meline Stuart Worltey observed in 1850 1 

EFerylbloir In nattine ana art almost seems to UoiirUh Jiere- Schoola, nnl- 
vuraHleSp manufactories, socktief?, tnsUtntiona, appear B^reaillDg over the XengUi 
and breadtb of the landp end nil seem on such a glfiantle scnle,^ too t loJtes^ 
foresUf rlverap electric leJesrapikitH hatela, ImmdntloiiSp rows, 

roAik, aeelU^tSp tobaeco. Juleps* bowle kolres* beardSp pistols, Ac. t modcraUaii 
or littleueas nplJcar not lo bolonfi to Amenm* where Nalnre bersolf leads tbe 
way and Eoems to nblior both, showing nn exaniplo of letlatbanJ^m 3n everf- 
Ihing, which the people appear well IturUtH^d lo IoUjoWk lWortle>v 1S51+ p. 33-] 

Ftvderiba Bremer observed nt alx^iit the same time that '"^to hurl 
mountains out of the way, to bore through them and build tunnels, to 
move hills into the water as a foundation for roads in places where 
this is necessary—all this the Americans regard as nothing at all. 
They have indeed the faith to move mountainsp” (Benson, 1024, 
p*ao.) 

Dynamic innovation^ however, was silhouetted against a background 
of enduring habit Change, indeed^, was as conspicuous in ita absence 
as in its presence. The static feudal economy of the South, for exam- 
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pIc, cmpbasized tlie opposing dj'njuiiics of tbo North’a mtiiistrinl iam, 
the visiting stronger ‘■'psss into Virginia,’’ wrote Alexander 
JIuctoy in 1847, “and tiie tnmsition is as groat as is the change from 
(he activity of Lancasiiire, to tiio langvior and inertness of Bavaria” 
{l^Iactay, 1849, p. 07)» In New hinglaiid, tiie Western Bnilroad, 
Ixtldly conquering the barrier of tlie Berksliirts, bmught modern en¬ 
gineering techniques and imhistrial commerce to tbo very backyards 
of rural traditional ism. In Pennsj'lvimiii, Mennomte farmers lightetl 
their houses with the medieval-style laitqis of tiieir Palatine ancestors, 
wbiio a few miles away in I’hiladelphiu tbo Iiitest advances in house¬ 
hold illLiiiiination were in ilaily use. At every buml tbom; were evi- 
dt'Tices of tw'o contrasting worlds. 

Ill artificial lighting, generally, this duality was as apparent as in 
the larger picture. On the one hand were brilliant concentmtions 
of gas light ill theaters and music halls and museums. There were 
improved fuels and principles of combustion developed by scientific 
flXperiiiieiit in learned institutions. In urban homes ne%v inventions 
made the liousehold lamp a vivid contrast to its predecessors. On 
the other hand wei-e steadfast marks of enduring habit, which only 
gradually were to yield to change and acliievemcnt. Tliese w ere most 
evident in those places where isolation, poverty, and ignorance com¬ 
bined to exclude even tlic simplest improvements. On the frontier 
and ill cultural backwutei^s the mean9 for artificial lighting were little 
better than what had been available to aboriginal man. In some in¬ 
stances, indeed, these primitive circumstances have survived until 
r^iit times. There arc persons living today who can recall seeing 
kitchen fat used in u saucer, with n rag for a wick, in backward 
sections of the country, Vance Randolph, in his study of the Ozarks, 
stated as Into as 1931 (p. 27): “Not long ago, however, I visitwl a 
home iu which the only artilicial light was a ‘slut’—simply a dish full 
of grease, with a twisted mg stuck in to serve as a wick,” During 
the^ycars we arc considering, tlic Ohio settlers used crude open lamps 
of iron and pottery, and in parts of Alabama simple iron lainins ivere 
in use tliat reportedly still continue thoir function today. 

This negative side of the charaeteiistie duality of the period is 
best illustrated in remote parts of the deep South. In 1853 and 1854 
Fretlcrick Law Olmsted tniveletl through that region and recorded 
his impressions in valuable detail. Not even a “slut” was in evidence 
111 the Tennessee slave cabin that ho observed on a comparatively 
prosperous farm: 

7henc£ru«tibliui wure suiall, ilUiiiadutcd uiid dingy, the walls were natchttilred. 
DDii tlteru were wlndiiws—wLicli, inOml. wuuld Iuitc bi.>ea a Bnpei-lluotia 
lunity, for there w^re spaeng of several luciiw Ijetwecn tlip through which 
there was uuubstructeil vision. The fiirnltarc in Uie cuhlns was of the sluiplcst 
and rudest luaglnsble kind, two or three beds with dirty qlothtag upon them, a 



ART1FIC1AI< LIGITFIKG IS AlftHlCA-—WATKISS 387 

client, a nmiden stcnl or two, mndo with pn nxi?, and car then wn re nnd 
cuoklDf; niHiarptos. Everytblnff within the i^obLofl was color<?<l black by 
Emoke ^ ^ - DurlJi^ oTcnJtig nil ihc cubJus weiw lllmntnjited by great Erea, 
and^ bKikinff Into one ct Ihoro, I aaw n very picturesque family fimiip; n moP 
aat on the ground making a basketp a wontnn lounged on n ebent iu tbo thlmEiey 
coraejf amoking a plpot end a boy nnil two girts mi In n bed which had been 
drawn bji opiwsite to her, completing the fireside circle, tOlraslcd, lOd* p. 153.] 

Such a setting was not restricted to Negroes, however. Allen 
Saton, describing tlia early cabins of tbe Tennessee an<i North Caro¬ 
lina highlands (193T, p. 40) says: ‘The usual light for the interior 
of the house would be firelight from the hearth, supplemented in fair 
weather by daylight from the opened door or in rare cases from the so- 
callwl window,” Olmsted, stopping at one meagerly furnished Ala¬ 
bama farmhouse, stated tliat his host wont to bed immediately after 
supper and left him alone without a candle, ElBewhei'c, he found 
that candles were the usual eource of light. Candlesticks to put tliem 
in, however, were apparently nonexistent. In an Alabama house of 
more than the usual appointments ha sat in the well-furnished parlor, 
“alone in the avaiung, Gaining my eyes to read a wretchedly printed 
newspaper, till I was offered a bed . . , My host, holding a candle for 
me to undress by (there was no candlestick in the liousa), called to a 
boy on the outside to fasten the doors” (Olmsted, 1907, p. 188), This 
situation was repeated several times at snbsequent stopping places, 
“The same Negro was called to serve mo as a candlestick at bedtime. 
He held the candle until I got Into bed,” and later, “The master hold 
a candle for me while I undressed.” 

Even in tho rural areas of eastern Virginia, in places that had 
earlier known higher standards of luxiu’y, there were instances of 
exactly similar conditions. Olmsted, in “A Journey in the Seaboard 
Slave States” (1856, pp, 77, 79, 85-86), described a remote farmhouse 
in the vicinity of Petersburg, where Im st>®nt tho night: “It was a 
simple, two-sloiy lionse, ver}' much like those built by tho wealthier 
class of people in New England villngos, from fifty to a hundred 
years ago, except that the cliimneys were carried up outside the walls,” 
The large room on the first floor was wainscoted end had a carved 
mantelpiece. “Tho house had evidently been built for a family of 
some wealth, and, after having been deserted by them, had been bought 
at a bargain by the pre,'»nt ivisident, who either had not the capital 
or the inclination to furnish and occupy it appropriately.” He was 
finally led to Ida bedroom to retire. He continues: 

loto A Iprge riMiD, EL^nlQp wIlli Sti windows,, with a Brc-plaw^ in wfiUli ti few 
brands w#rt? amoklti^. with Bome wool Bi^rtad tblnly upon tbo floor in n corner; 
with n dotes small bundles of tobacco leiivea; with a saddle; wltb n deep 

featber-bea, eorereiJ with a brlgbt (mtcbwork qallt^ on n maple tK^sttadp and 
wIthoDt a elnglo I tom of other fumlttivo wbatcYcr. Mr, Newman aslfod If I 
wanted a candle to nndrcBs byi 1 sold jes. If he plcnacd, nnd waited a 
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for hJiD to set It down! ds be did not do sa I wilked towards htnif llftlni^ my 
band to tnlEG It “No—I'll Ijold lt+"' ftflld he, and then I pereelved thot he had no 
eandle-atlel^ hut held the leon little d3p In bis bnnd; I remembered also thnt no 
candle bad been hron^t Into the ^^aUtln^-rcwia^^ and thot while we were at 
BoppcT ontj DOG condte had ateod upon the table, which had been Itomeitliiteij 
eitln^lfihGcl when we rose, the room hetnf; lE^bted onlj from the fire. 

In these surroundings cnndles were^ of course, Itomcmade, In a 
one-room cabin in Tennessee Olmsted saw ^^bundies of candles [hang¬ 
ing] from the rafters*’ in the manner customary in New England 
farm kitchens of a century and more e^tdier. 

Insufficiency of artificial light was not altogetlier confined to rural 
farms in tlie Souths however. Olmsted^ in the work just quoted 
(1850J pp, SSI-SSC), recounts an amusing episode that occurred in a 
stagecoach inn at Fayetteville, N. C- It suggests that the absence of 
light may have been related in some cases to the general nature of 
things in tlie old South^s economy and social organist at ion, rather 
than to lack of access to tlie means of good light. 

1 followed the negro up to Euinaher eleven^ W'bkh was a larao Iwadt rooiu^ In 
the appoi- fitoiy, with four liods in IL 
wpgter^ Bald I. "I want a tire brnde here.'" 

"Want a hre^ mrT^ 

“Tes; I want ytm to mahe a fire/' 

^'Waota Arc, amstor, ihls time o' ulghi?" 

^ Why, jost I want a flret Where are you protns wlih the lampT^ 

*'Want a lamp^ massal" 

“'Want a lamp? Cerlaintr, t do." 

After athLiut ton tninute?, 1 hoard o mnii ^lUHng w'ood la Lho yard, and^ In 
ten more, Poter briMiRht Ln threo stietB of pmm woodp and fiolne chips; then, 
the JEtUe beil-lamp having burned ouU be wei]l Into an adjoining; room, where 
1 beard him talking to mmn one, eTldonrly awakened by bi^i enirauce to get a 
match! that faJlIng, he went for another. J*y one o'clock, my flee w^as mnde. 
“Peter,'* said I, “are you golnf to wall on me^ while I stay bereT' 

^'Yes, fiar; I 'ternJa to dts room." 

*'¥ofy well: take tl^ls, and when I leave, ril give jlmi anotherp If you take good 
eoro of me. NoWp I want you to get me some walerJ’ 

*'1*11 get you some wnter la de mornin-g, snr.'* 

"I w'ant some to-iilght—some water and some tow'eb$! don^t you think you 
can get theJn for me?" 

reckon sOp It you wnius 'em. Wnnt 'em ^fore you go to bed?’' 

"Yea; and get mnother lamp/' 

“Want a Iamp7' 

"Yea, of couracj' 

'■Won’t the fire do yon7' 

“No; bring n lamp. That nm won't horn w'itboat nillng: yon need not try It" 
The water acil the himpciiiTK.% after n long time. 

The fuUowIng evening, aj It grew too cold to write in my room, I went down, 
and found Petarp and toM him I wanted a dpe again, and tbot he might 
me a conplo of f?andle3. ^Vben he camo ub, he Ureught one of the little bod- 
la ai|ifl, with a capacity of oil for fifteen mLautes" use. I scut him down again 
to the offlee, with a request to ibe proprietor t&Dt I mlebt be farnlshed with 
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cacdlw. He returned, aud reported that there were do caodlea in the 1iDit«e. 

*Theii, get me a larger lamp,*' 

“Ain't no larger lamps, niitber, sftr;—mme to spare.'* 

“TlieiJ go oiitt and hjo If you can't biii‘ mt candlest Eomewbere.** 

“Ain't no stored npen, ^miday, massa, nod I don't know ^'bero I con buy 'em." 

“Tlien go down, and tell tlie bar-keojKT, witli mj complLmeQtd, tbftt I wish 
to write In my rooni^ and I would l>e oliHgHKl io Ulm If be would send me a llEbtr 
of some sort; aonietblug that will lost longer^ and give more Lights tbao tlie&e 
HlUe tainpa,'' 

*"Hii won't give you eodq, mawa—noE If you bab a flrn. Can't yon sec by dn 
Hgbt of dn fire? When a genUemun hnb n Bre in bia rootiii dey don't count 
he wants no more Hght ^n dat.'" 

‘'WoU, make the fire, and Til go dwu nnd see about it" 

As I reoehed the foot of the Etalrs, the boU rung, nnd I went Ln to tea, Tbe 
teii^table was nioderately well lighted with caudleg:^ I waited till tbe eompany 
bud generally left It* nod then ftold to one of the waltere: 

"Here are two dlmest I want you to bring aie^ ae aoon an you cau+ two of thwfe 
candJeB to number eleven ; do you uuderi$tatidl“ 

“Ycff^ t?Qr I I'U foEeh 'etn, sar*" 

And he dEd. 

Jlcist often^ rude conditions in tlic Sootli ^'ere attributable to geo- 
graphical isolation, rather tlian otlier causes. In Pennsylvania, Itow^ 
tver, we find a different kind of isolation that likewise enforced the 
survival of primitive forms of lighting. This was tlie barrier of 
language, religion, and culture, all differing from that which pre¬ 
vailed elsewhe re. There was a deep-seated traditional ism among tlie 
Pennsylvania (.iernians, which made the continued use of ancient 
forms of copper and iron cmsics a congenial habit. 

In Germany and Switzerland, at the time of the first German migra¬ 
tions to America, the preiTiiling lighting devices among the common 
people were either simple hanging lamps with slanting metal trougiis 
to hold the wicks, or merely shallow pans for burning fat or lard. ^ In 
Pennsylvania the former came to be called “hetty” lamps, or “Judies,** 
or “ka^” or “frog lamps.” The latter, of Alpine origin, either hung 
from hooks or had elaborate wrought-iron standards, in which case 
the pans themselves took on n variety of shapes. From thufs© proto¬ 
types the “Dutch’* metalsmiths in America developed their own char- 
acterislic versions. In collections today there are many examples 
bearing the names of such Pennsj'lvania lamp makers as Peter Derr, 
Joseph S. Schmitz, J. Eby, llursthal & Co., or J. Boker, So solidly 
entrenched was the custom in Pennsylvania of using these ancient 
lamp forma that there are nmnerous instances of tlitir employment 
late in the nineteenth century, Henry C. Mercer (iSffS, p. 7), indi¬ 
cating that the “betty” lamp had sometimes survived up to his day, 
gave the following directions for its use : 

Thnut the point horlaontalljf Into a beam of catch the barh upon a hook, nail 
or loz craflce, then ilUlus the vessel with lord. Usht the twisted tow (later 
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wick* laid tiloii^ the luteroal so tilted as to allow die oU ooiio^ 

from tbe damo to flow back loto (be yc^cL Bj tbe llgbt^ bri^btcr tlioji a candle^ 
work at the loom after dark or fr^F t^oEatocs at Dlebt oa the opea AtCt as Datld 
flatter atiU does (October lSt^7), In his lo^ c&hln la the hll] country of ^L^rjasc- 
Qeld townsblp. 

The ‘^betty’* laiiip was to bo found not only in PennsylYania, but 
«II along the course of German emigration* Among the Germans 
of Ohio it was probably us fommonly used in the l&30-fi0 period a^ 
in i^ennsjlvania. A lamp in tlio United Stales Xationul Jluseum 
collejction of heating olid lighting devices (Xo+ 345938) is a typical 
PennsylTania example hot was used in Arkansas in the early days of 
tlio settlement. Other illustrations of the employment of devices 
in tiie newly settled areas of the Midw'est frequently occur* 

In rural regions, not only in the South and West, but in isolated 
parts of the East as well, it is probable that candles more often Iteld 
11 for^mo^t place. Made of tallowy they were somctiinos clipped and 
sometimes east in molds. Hough (1S>"28, p. 18)^ stuted: 

la the moldB reureseut a method of cconoiuy among our unL-cfllora !□ 

that BiDOll umouata uf fat eould ho workeil uji Suto Cfludles wllh the uioSda wheo 
required. -Gt^nerally on the plaidutlDns, where n great mauy caudles were 
uecestsary, ^^iffLcleiit were made for the whole year by dloulng, wbtefe waa far 
more expedlttous tlian by molda. Caudle dippEug was usually colncideDt with 
iho buteberlug qf the wluter storca qf meat, at wlileh time much fat woe 
aixTuumlated, 

Candle dipping wus accomplished on a lurge scale by the use of 
revolving candle driers. These devices were especially popular in 
Pennsylvania, but they occurred elsewhere, as among the New England 
Shakers, w^bere large quantities were produced at one time. They 
consisted in each instance of a Boriee of horizontal spokes, like a run¬ 
less wheel, which revolved on an upright spindle supported on a 
waist-high stand. From the end of each spoke wus suspended a ivcKKlen 
disk or square. On the bottom of tlus were numerous small hooks to 
wMch the candle wicks were tiei When tlie molten tallow or wax 
was prepared by heating it on the surface of a kctlle of hot water, a 
disk was removed from the drier, the w icks were dipped in the tallow 
and witlidrawn, and the disk liudg back on the drier. The proc^ was 
repeated with each drier. By the time the entire series had been 
dipped once, the first wicks w^ere siifficiently hard to be dipped again. 
TJius, repeated coatings of lallow were allowed to accumulate until the 
candles reached the desired sLse. 

Another simpler method of dipping was used in New England, 
Here, Gie wicks were suspended and dipped from long sticks or 
“broachea.^^ Each stick, with a dozen or more w i cks, was pi aced across 
a p tir of long poles supported at the ends on the backs of two chairs. 
The wicks were tlien dip[>ed successively and repeatedly as with tlie 
revolving drier (Earle, 1808, pp. 35~3G)* It was necessary, for the 
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WwhlnKtaii, D/C A typical PenfMvh 4ink-it> k W pf the imdcraiurf, (nm 

Nev^htrk, OLlii. Right, Lump foynd m thr itock cA * Philftdclpfifa haidwArt hoit m 
189S. The harpcmnliLc hoob were huniE chair bacb or miw or tliruit mto 
chirvlcB m fircptictt. 
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Mid-19ili-cetiru rj* Pcnti^'lvanui Ircifi lard tamp witK Enu whalD-ojl lampA of early I9th ceniury (ha^ed dii Milu^f 

iwingini? reirtvolr. Imn “belty^' lamp tm turned wfodcn Eng^Hili piicnt of 17S7fcpr atP'a^iiablc^'bmp witli enelnfl^d ret- 

■ta&d. Euckft Couiir)% Ai^A^/lin lamp designed ta lUdc up and down er^oir): Ltft^ (land lampt abou t ISOO-lJilO. Middlf, One of a 

on an insn rxtd mou nted in a wci^h ted bate. pair of maniel la mpi, abou 11 £ 15^1^21 ki^k, Cha mbwi- lamp. 







GLiS 4 wb-Rlc-oili lartip* with cnclo^rd rcfCTVtiirt and ligiht-htting burtlff* were an Aj^ction 
mnoVAikin. I'hc cari^rti (Sllw ihii *ticiwn at Fiir nj^i) were jimpic bbwn gfwi 
After the mecbanical pmiing cd isUc^ w*i InjTOdue^ Iti Umptfwcnr ma-cte with 
blown fowlB and prpjied ba5«. Second Ump frcmi nghi wai made at Sajidwst:n+ Maii.p 
■haul IRiO; the othcn afe ifjinewhat later. 
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PLATE 3 



Glui bniiH oi jibout lS3tHMiO. LffK Ump. (uppMod m hivtf bclonp^ 

EnK-n»n. fitted whli i ftopprr-typc bumw of lih ^mp 

i*iih Huid or cittiphene tiunier, petspibly mde at Pitttbufgh tbout 183IX ftnv, WTiilc- 
oit kmp with pewtet Krew-type whtiMil burner. 






SnwiMWhiiin ^rpnn Witli 










^i^IudsImh EtriHn.. l-ff IWilkmi 


Plate S 



Three aural, or “linumhra/' lampi. Tlie* emlxxlir the Arfrand burner in combinatKin 
»filh rinp^^liajKMi rwenxjln (abown « risht), Jcai^etl to mmlmm amouni of ihidow. 
'tltey were used rfSlh ehinine>-s and |rlaH lhadc» of var^ ins ahapei, of wbic" llic MIC flt 
left la iriwt IJTiieal. Anicrifatt, about 1SJ0-1S40. 



I raiufer tprinled Kent from SiBAfordahlre jtl utter of the "BcMton ^UPi Sens*, ™de by 
I, and T. Edwardi of Burttem in t*i4l. A iiapembn-type Mirjjl Ump hiijet above the 
ub(E ia ihe“gitLtleinen'i cabirt." tCourtcay Mr*, Arthur M. Greenwood.) 
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New Vork IniEriort” feiy Alexander pflitticd ahoui lfi_^0. Thii carcfuSU' factual fionrAyal of a parlor in a wcSl-tcwIn New York home iJiowi 

All aural lamp on ihe tibk between the wlnckiwi, fQiuneny of Tlie Old PHnt Shupi Inc^) 
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PLATt 7 





Fcwjr wlar bin™. LT;itiall^ dt'njsfnrd to bufti Utd nil, tlurtr JV nocfifinl Ai^and burner 
with a deviee tn siiadc t}wr llanic in(0 a mlutnn ut lljiSit. TTic were nfren i^inbuJar* 

with rngTAVed deiipn*- Thr iolar tjiinp wpi ccnnoiiiknt and efficient anti Wat 
pnpubr in the 


Thtec paielM of xm Uni-bunilEJf? Itttipf : Harvey I’bmfiFVinn't paleni, C^neva 

N Skiiteinber I, \US, mWvinp an Ar^nd burner with topper atr tube. AiiiUii 
Zrbulon Wflrrol]"* patent/Cllttltr'Hill^ Ohio, FebfuRr)' 7, 1S42, dcpentllft^ upan pa^ly 
lor flow oi fuel, the beat fram the fame warminj? the lard in tlie reicrvoir. One 

of leveral patcnii by Robert Cornotiua,. df Philaddphiai thia one dated Apriit ^ 1S43. A 
ribbon wkic with cupper tonductur atrip it tbe werltinp principle. 
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pA(£Dt EnDdd& illui(r{L||qj£ invrnEivc ingcnuicy: R^in Ump^ with Ipcalcr unid^'rncath 

to k«p ihe rdtin fluid, patcTH«d by Frernicc Sirycnt, Ncwhufj'portT March 4p 1^56, 

Lard lamp patenitd by Silu Terry, ^ymouElh, Gtjiin., Kebmary 24, 

Fluid vapor lamp palcntiMJ by C. A. GrcTn+ FhEtaddpkPT April 21, lfi52i The 
lEiia]] burner teen ae right superhcjied the wlarilc fuel In iW tar^t bumer, tauiins It 
to vapoThx and bum as a gai^ 


PEDATE a 



Parent models of lard lamps nslnp; pressure to feed fuel ed wkbi L^t, Tin lard lamp pat¬ 
ented by Jcihii Granniit Oberitiit Ohio, Au^ii 25^ A pTunarr drives lard fmm 

KcoEidary resen^’r to priraaq' reservoir and wick. Middle, Maltby and Nears hrd lamp 
patented bv Benjamin K. \fs1tbj% RooEitown, Ohio, May 4, 1^2. Tlie jpaientcd feature 
II a pair of pcfforatcd copper wEck lubci to mufo equAl distributima of 3ard into wkb 
when pressure ii applied, prevt^Eitlnf wkks fnam be[n[' dupUced- Lard lamp 

psteuTcd by Thomas Sewell, New York, Otrtober 3, IJH7* T^umlng the inner portion of 
ihe base fbrtei the Urd upward. 
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most satisfactory and GConomical jierformance, to allow Uie candles 
to dry and harden for many weeks. Bwidles were suspended irom 
the beams of the kitchen, as described by Olmsted abopo, or in the 
attic. 

Candle molds were usually made of tin in a variety of sizes and 
combinations. Molds were easier to use, since fewer operatloi^ were 
involved. That they are to be found on each side of tlie Mississippi, 
in areas settled by people of both German and Anglo-Saxon stock, 
indicates tliat candles were used generally. Their continued use is 
attested by the fact that there were occasional inventions of candle 
molds during the period under discussion. In 1837 Oie following 
notice was given of a mold csltibited at the Mechanic’s Fair in Boston: 

F. Haywotw!, of lloetoD^ has product caadle tnonldfl, willed opiQD len^Uiwl»ei 
lo 1^1 ftnij ean be enn'ed or cuat upon fibred moulds, so ci^ to i'leM fipermBcctl 
or wax fraudles ot iTC^autlful ornnmenteHi patttniis, (Boston Dailj Smtlnol and 
Gnxotto^ Sopt 25p 1S37.) 

It is apparent from tliis tiiat not only the tallow candles of tlie rural 
areas but also the e.vpcnsive spermaceti candles we usually associate 
with aristocratic eighteenth-centuiy surrounding were still in fashion. 
Spermaceti is the ciystnlline was from the head of the sperm whale 
and, though expensive, was unsurpassed as a candle illuminant. 

Candlesticks ranged from crude holders of tin and iron, and even 
pottery, to those of pewter, brass, and silver. Elaborate electroplated 
examples with embossed designs were popular in “elegant'’ setting 
after 1850, while tlie turned types of bra?s sticks (essentially like their 
eighteenth-century predecessors, except for greater mass and less re¬ 
straint) were for common use. Devices for expelling the stubs of 
candles were common by 1830. A popular barn and kitchen candle¬ 
stick with a slide-style expellor was called a “hog-scraper” because of 
its sharp-edged base, adaptable to scraping bristles from newly slaugh¬ 
tered hogs. This remained in use throughout tlie century and witliin 
recent years has been sold by a large mail-order house with the candle 
socket omitted, its adopted function having become its primary pur¬ 
pose, The United States National Aluseum exhibits a heavy brass 
slick with internal expeller wliich is a patent model of 1840 (So. 2Dl- 
732). The Franklin Institute commended an iron candlestick, ex- 
hibited in the 1832 Exhibition, as being one tliat “will compare with 
the English both in quality and price.” It is signidcant that there 
were as many as 13 candlesticks patented between 1830 and 1860, as 
w'ell as one design for snuffers. 

In an apparently characteristic up State Nmv York farmhouse, 
brass candlestidm formed part of the decorative scheme in the best 
parlor. Susan Fenimore Cooper described this room in 1851 (“A 
I^dy,” pp. 157-158) : 


S92 ANNUAL REPORT SMTtHSONlAX IKSTITL’TION, 1&61 

3t waa hmh jmrtftr *ii*l fetteat clunuber at the same Ume. In ana eomer atood 
a maple hedatcnd, with a larfv\ pluaip fenyaor tm !t, aiKl I wo pUbwa In 

w-eJI^b^each^d t'ajea at the head. Hie walla of the room were whltewa^fth the 
wood-worh wuh n&pdlnlCHj., htit bo thoroughly acDtired^ that it had ncqulred a 
sitri of jhjlEsh imd oak color. Uefore the windows hang coloreti yajmr hUnOs. 
l^etw<?vli the wlntlowst was a tnhlep and OTer it huo^; n Hiiinll ICHjkLng-glnaap and a 
gTGcn and yellow drnwbff In water cHilontp the gift ol n friend. On one ftlde aloud 
a cherry harenn. ^ , 1'lic mantel-iilcce' wob ^^runnlontcd wlEh poacock'a 

fi-^thera, ami Lram cnndEeatlcts, bright ng gold; In the hfoj^laeG were frosli 
FprlgB of ofi^aragu^ An opc^n eupLoard atood on one aldc^ containing the cups 
and eauevra In neat array, a proHy buM ecllnr^ with fieveral pieces of crarketl 
nod hruketi crockeryp of a snierlor qualltyp prefierved for omnmeut ratber than 
use. 

But if we are to see tlie other aide of the picture ajid observe the 
nehievemonts of invention in lij'hting and lliat spirit of ‘'levLatbanism” 
wliidi so imprcisod Lndy Emmeline Stuart Wortley, ve must remain 
in the cities and urbanized aness of the senboard. Here biti>orfant iiU' 
provemciits bad heiin introduced before tlie close of Die eightecnUi 
century, and some had been widely adopted in America, Contributing 
as much as any one individual to the developraent of lighting, a Swiss 
chemist, Ami Argand, in 1783 had invented the first lamp to be con¬ 
structed on scientific principles of combustion. This embodied a 
hollow tube, open at both ends, whicit extended upward through the 
center of the burner, A cylindrical woven wick was fitted tightly 
around the tula*, and an outer cylinder was placed around this. Oil 
from the reservoir was fed into the side of tho cylindrical chamber 
containing the wick. The hollow tube in the center iierved to admit 
air to the center of the tlame, tlms increasing combustion and the 
amount of light as heat from Llie flame acted automatically to create 
a draft, 'flic draft was furtlier increased by the addition of a gloss 
chimney. Argand Is credited with the first practical use of tlio lamp 
chimney, 

WelUto-do Americans, among them Washington and JelTetson, had 
installed Argand lamps before 1300, and after that year several modi- 
ficationa and ada|>tations of ArgantVs idea were adopted by city folk 
who could afford tliem. Their greatly superior light, amounting to as 
much as 0 rundlepowcr, was considered revolutionaiy, as we shall see;. 

More significant from a cultural and economic standimint, if not 
from a technological one, was the widespread adoption of an English 
weaver's invention, John Miles's “agitable-’ lamp, patented in England 
in 1787, Aliliough apparently but little concerned with scientific 
principle. Miles succeeded in designing an eminently simple device 
consisting of a container with a hole at the top into wliidi a burner 
with one or more vertical wick tubes could be screwed or lightly 
fitted. Sperm oil or even common whale oil could be drawn up into 
the vortical wicks, and the stopiier-fypc bnmera minimized the spilling 
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of oil. 'I'lifl symmetrical design permitted making handsome UunF® 
of tin, pewter, bms^, and glass, and their sjmplicily initde them cco* 
nomical and easy to clean. Tlie whaling industry, ali-eady well 
estublislied, w'as able to provide the necessary fuel for these devices, 
particularly in tlie Northeast, their increasing popnlarity after 1800 
having been a basic reason for the expansion of whaling. By 1830 
the “common” or whale-oil lamp (as Miles's bmp came to be called) 
had become a standard household device in tlw East. A large part of 
the output of the glass factories in Pittsburgh, Sandwich, and Cam¬ 
bridge consisted of glass whale-oil lamps, w'hile pewtcceis and tin- 
smillis welcomed the new form so admirably adapted to their skills. 
However, the light emitted from a whale-oil bntp witli a single wick 
wna not much greater than that of a candle. Tliis lamp lind a solid 
wick and rarely included a chimney. Its popular appeal was Ihei'C- 
fore attributable to economy, simplicity, and satisfactory appearance. 

It is initially surprising tliat the most radical innovation of all, 
though introduced before 1830, was not widely accepted until after the 
Civil War. This was illuminating gas, first used for domestic light- 
ingby David Melville, of Newport, B, 1., in 1806. Although Melville’s 
onthnsiasni for gas light led him to install it in a nearby testilc mill 
as well as in street lamps outside his house, it remained for a long time 
a novelty. As early as 1T09 or 1800 one 5fr. I fenfiy had dcmonstrate<l 
gas light in Baltimore, and in 1816 Bcmbrandt Pealo used gas to liglit 
his museum in that city. So successful was it there that tlie first com¬ 
mercial installation of gas street lights was uigcd and adopted by die 
Baltimore citizenry witliln tlie following year. Except for strMt 
lightingin most of the larger cities, gas illumination was confined prin¬ 
cipally to theaters, museums, and other public gathering places. 
Elaborate technical rcquircraente and installation problems remainwl 
as hurdles tluit were difficult to overoorae. Gas lighting was still 
uncommon in 1843, when the Franklin Institute conducted cxiwrimcnts 
to prove its utility. It was concluded tliat gas could be credited with 
giving “bright and continuons light,” cleanliness, and freedom frem 
vaiiatioiv, smell, smoke, or care, yet **its disadvantage is tlwt it is a 
fixed light, and can be used only at points previously determined upon” 
(Journal, 1843, ser. S, vol, 5, p. 105). 

The fixtures then u^ for gas ranged from simplo brackets project¬ 
ing from the wall to very obborato cliandcliers. The predominantly 
public use of gas during Uic 1830-60 {>eriod accounts largely for the 
latter, which are both illustrated and commented upon in contem- 
poraiy literature. The Kepoit on Lamp and Gos Fbtures in the ISih 
Annual Exliibit of the Franklin Institute in 1844 describes “tlie richly 
ornamented gas pendants and chandeliers finished in ormoln, the 
workmansltip of which is exceedingly beautiful, tlie color faultless, 
and the whole such as to satisfy tlie most fastidious taste, and in com- 
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bination with the judicious arrangetneiiita of tha glass ornameitte pro* 
duce a very brilliant effect” (Journal, aer. 3, toI. 6, p. 402). 

The Cornelius firm of Philadelphia, the largest manufactuter of 
lighting deTtces in America at the time, exhibited two gas chandeliers 
at the London International Exhibition of 1851. The Art JoumaPs 
catalogue of the display comments as follows: ”They stood about 
liftcen feet and a half high, by gis feet wide, haring fifteen bnmcis 
with plain glass globes, and are rich brass lacquered. Tlio design is 
very rich in ornament, and possesses some novelty in the succession of 
curves ingeniously and tastefully united: the gas keys represent 
bunches of fruit, thus combining beauty with utility” (1851, p, 212) . 
Such dubious marriages between beauty and utility were to become 
increasingly frequent in American lighting devices as the century 
wore on. 

Gas street lights were simple inverted truncated pyramids of glass 
and tin, mounted on posts and enclosing gas jets. Charles Dickens 
remarked upon the lights of Broadway in 184S (p. 103): ^As the eye 
travels down the long thoroughfare, dotted witli bright jets of gas, it 
is reminded of Oxford Street or Piccadilly, llere and there a flight 
of broad stone cellar-steps appears, a painted lamp directs yon to the 
Bowling Saloon, or Ten-Pin Alley ... At other downward flights 
of steps, are other lamps, marking the whereabouts of oyster-cellars,” 

Public illuminations of a cetebrativo nature were frequent urban 
occurrences in the exuberant years we arc considering, and the possi- 
bilities of gns light were exploited to the utmost on those ocensiona. 
Gas pipes were sometimes bent to odd sliapes, and when perforated 
with holes for jets, were mounted on buildings and lighted with im- 
presive effects. 

At the Railroad Jubiloc held in Boston in 1851 to commemorate the 
completion of the railroad between Boston and Montreal, an illumi- 
nslion **embleinatie, not only of present joy, but of bright hope for 
the future . , . irradiated the scene,” according to the oflicial account. 
“The Tremont House,” it was narrated, “^is especially worthy of notice 
for the extent and splendor of its illumination. The columns of the 
portico w'cro like pillars of flame. Two thousand lights were placed 
in the windows, besides which there were two daasling rosettes of 
gas in front. The exhibition called forth the warmest encomiums 
of tliousands.” The Boston Gas Light Co. naturally made the most 
of its )>roduct, and we find that “in front of the office of this Com¬ 
pany was seen the word *TJnion,' in ‘letters of living light,* supported 
by four vines, above all which blaxed a single star of dazzling bril¬ 
liancy” (Railroad Jubilee, 1853, p. 108 fl^.), 

Such pubhe demonstrations were all the more wondrous because 
they were unfamiliar. In the ordinary household a monger amount 
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of was tliB iispcctfld tiling, auJ a greater concentration was often 
regarded with disfavor under normal dirctimstaiicea* As early as 
ISOt the Domestic Encyclopedia had commented on the “superior 
utility of lamps,” but “os the light emitted from them is frequently 
too vivid for weak or irritable eyes, we would recommend the use of 
a smaD screen” (Mease, I80i, vol. 3, p, 432). Presumably the Argand 
lamp, with its unprecedented candlepower, was the basis for Uiis 
caution. Count liiuuford had stated in ISII that “no decayed beauty 
ought ever to expose her face to tlie direct rays of an Argand hvtnp.” 
By 1847 this hostility to unusual brilliance was still expressed. The 
Franklin Institute Journal in that year (scr, 3, voL 14, p. 410) re¬ 
marked that “the unpleasant, and to many sights, painful effects of 
the naked flame of a candle, lamp or gas-burner, ha ve long been known 
end felt.” At almost the same date (August 21, 1847), the Scientific 
American observed seme extraordinary precautions taken against 
glare; “The introduction of gas lights into private houses has been 
taken advantage of by the ladies, who under protest aguitisL the glare 
and uncomfortablenussof such bright lights, deliberately spread para¬ 
sols in evening soiree ... A pink parasol judiciously held between 
a lady’s face and u gas burner throws a tender, roseala Iiue over 
the complexion.” 

In commonplace surroundings, particularly outdoors, the light af¬ 
forded on ordinary occasions was seldom suiBcient to damage one s 
eyesight, all fears to the contrary notwithstanding. Alexander Mac- 
kay (1849, pp. 129,162), looking across the Delaware River, found 
tlie lights of Phikdelphia “as few and far between as are those of 
London and tiie Thames.” On the “cold moist platform” of tha W osb- 
ington railroad station “we stood ddvering by the light of one 
wretched lamp,” while in front of his hotel there **the solitary^ lamp 
which burned over the door only made darkness visible,’' Dickens 
remarked upon the “feeble lights” of Harrisburg, which “reflected dis¬ 
mally from tlie wet ground” (1842, p. 170) . 

For those who traveled at night, illumination in public conveyances 
must have been even more dismal. John S, Kendall in Tlie Con¬ 
necticut and Passumpsic Rivera Railroad” (1932), slates: * Sperm 
candles were used at first for lighting the cars, giving way to oil 
lamps later. They gave just about light enough to keep passengers 
w'illi good eyesight from falling over th© seats.” Jlackay (1849, p. 
36), traveling from Worcester to Korwich, stated, “A solitary lamp 
burned at one end of the car.” When the Western Railroad was com¬ 
pleted between Worcester and Springfield, Mass,, in 1839, the new 
passenger car was equipped with a glass-encased boiliko frame 
beside each seat. PassBiigera placed their own candles In these frames 
at first, hut because one’s candles did not always fit the socket, the 
railroad later furnished them (Ayers, 1944). 
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As miglit be cxpcc(Gd, the stagecoach traveler had the ultimate 
tninimum of light, ifnckiiy (1&4D, p. 213), ahoilt to ride from Mill- 
edgeville to JVfacon, Ga«, nttempted to examiuc the Tehicle which was 
to take him “by the glimmering light of u tin lantern, which had the 
peculiarity of never being j^rccisciy wlierc it was wanted.’* 

i^teamship lighting was glamorous by contrast, L:idy Emmeline 
Stuart Wortley (1851, p, 25} voyaged up the Hudson in *‘a floating 
island of painting, marble, gilding, stained gloss, velvet hangings, 
satin dniperiea, mirrors in richly carved frames, and sculptured orna¬ 
ments with beat]tifill vases of flowers, Chinese lornps of various in¬ 
describable forms, arabesques, chandeliers—in short, you might fancy 
yourself in Haroun Alraschid’a palace.’* 

The lighting of churches was usually austere. Many churches had 
no lights at all, while others merely had a minimum of light in the 
form of simple sconces. The ’i\'c]l3 Collection at Old Sturbridge 
Village (Sturbridgo, Mass.) includes a cliandelicr fivjm ft Baptist 
meetinghouse, near Brunswick, 'Maine, tliat dates from about 1820. 
This consists of a turned wooden central section, radiating spidery 
arms of heavy iron wire which atipport tin candle saucers and arc deo 
orated w'ith tin leaves. The same collection exhibits four candelabra, 
two in the form of a cross and two in tJie form of an ellipse, fram ft 
Meunonite church in Pennsylvania, The Kocky Hill Mcetinghouso 
in Salisbury, Mass., still has three astral lamps suspended from over¬ 
head. These were probably installed about 1830, or slightly earlier. 
Xo other means of artiflcial light have since disturbed them. 

Domestic lighting was seldom brilliant. Harriet Martincau (1838, 
voh 1, p. 37), landing in New York from England in 1838, complained 
(hat in her Uroudw’ny boardinghouse bedroom the four bed posts 
looked if meant to hang gowns and bonnets upon, for there wna no 
tester, Tlie waslistand was wuthont tumbler, glass, soap, or brush 
tray. The candlestick had no snuffers.” It is to be concluded that 
one candle wassup[xiiSGd to light a whole room. 

Hie refinement of city houses was, of course, in striking contrast 
fo the crude cabins of the frontier. Mrs. Felton (1842, pp. 3t5-37), 
said tlmt in New York “Lhe niimlwr gf suiwrb houses is very 
great. . , . They appear all to bo built upon one plan; the chief 
feature of which diat ttie dining and drawing rooms arc situated 
on the lower floor, and so arranged, aa by tlirowing open a large pair 
of folding doors, to form one ai>lendid apart ment. Tlicir furniture 
is mngnifleent in the e.Ttreme.” 

The lighting for so elaborate a home ns tliese w'aa ustmlly on an 
a]5propriate sirale from tlie standpoint of the appearance of the fix¬ 
tures. In function, however, even tlio more extiensive gas or oil-burn¬ 
ing deviixss left sometliing to be desired, altlioiigh they were vastly 


ARTIFICIAL, lighting IN AMERICA—^WATKIXS 397 

superior to candles and wliala-oil lumps. Frederika Bremer iu 1S40 
described tlie evenings she si«nt in New York City in the wcll-fur- 
nished home of her American friends, Mr. and Mrs, Downing. Among 
her happiest hours, she said, were “those passed in tlie evening 
my host and hostess, sitting in tile little darkened parlor with book¬ 
cases tmd busts around us, and tlis fire glimmering in tlie largo fire¬ 
place, There by the evening lamp, Downing and his wife read to me 
by turns from thoir most esteemed American poets” (Benson, 1924, 
p, 11). Hero is n vivid picture from Ihe home of cultured persons, 
wlicre the light of one lamp was sufficient for ono individual to read 
by, hut still so dim as to leave the room '^darkened. Xhe lamps thus 
used for parlor tables were commonly ‘*ostral” lamps, fitted with 
ground-glass shades resting on ring-shaped, or “annular,” rcscrvoi^ 
Designed to minimize the amount of shadow cast by tlie reservoir, 
these Were modifications of the Argand lamp. They were made of 
brass or bronze, as a rule, though someti mes their buses wera of pressed 
glass. Like tlie “commoii” lamps that were used in the less important 
parts of tho house:, astral lamps burned sperm oil. 

Miss Leslie in 1840 defined in great detail the types of lamps used 
in a well-to-do home, with instructions concerning their use and care. 
She pointed out that “lamp shades painted in bright colors are now 
considered in very hod taste” and also advised that a separate oil can 
sliould bo used for the parlor lamps. 

Besides the astral liimiis, there were other types that gained favor 
for parlor use ns inventive activity increaseil, Ono was tlis Cnrcei, or 
“Mechanical,” lamp, invented in Franco in 1800 but not until con¬ 
siderably later adoptctl here. The Carcol lamp embodied an elaborate 
clockwork which activate<l a pump that in turn flooded its Arg;ind 
burner with oil. It was surely very costly in eomparison with other 
lamiis, but it was by far the most cflicient lump tliat had yet been 
dovieed for burning viscous fuels. The Frankliu Institute conducted 
various tests with the Cared lamp, nnd the findings must have been in¬ 
fluential in stimulating its use. Among other things, it was found 
that Uio Cared lamp using fall-strained sperm oils burned with an 
intensity of more than twice that of a gas burner, aud at only slightly 
higher cost, Tlie Journal (1843, scr. 3, vol. b, p. 105 ff.) observed t “The 
Cared lamps, although from their constmclion, expensive, give an 
exceedingly steady long enduring, and bright light, nnd are char¬ 
acterized by beauty of form, and total absence of diadow.” 

Although the breaking of conventional shackles on illumination was 
not always recognizable in terms of increased liglit, it was manifested 
by a growing spate of inventions, which served program by the trial- 
and-error method. Bred in Uie new atmosphere of mechanical and 
scientific advancement, approximatoly 500 patented inventions were 
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recorded in the United States Patent Office between 1830 and J860 
for lightinfr derices alone. Scnroely SO had been listed between 1790 
and 1830 (Hubbard, 1935). It is true that impFoeement upon what 
was already in existence was a leading motiTe for this inventive 
activity; but there were also underlying economic reasons, of wldch 
one was the state of tise whaling industry. Even before the demand 
for whale oils had reached its height in tim middle 1810’s the whaling 
indufitryj while seeking to supply a growing demand, had found itself 
faced witli diminishing returns, TVlmles became scarcer, voyages in 
search of them grew longer, and the risks of both the owners and 
the crews increased with each voyage, flohmon states (1928> pp. 
273, 302, 330), “It was estimated that during the middle years of the 
nineteentli century approximately ten percent of all American 
wlialing vessels made voyages which resulted in a net loss to their 
owners.” Between 1^16 and 1861 tlie whole Sect declined from 735 
to 514 ships. Meanwhile, the wholesale price of sperm oil fluctuated 
upward in increasing peaks. In 1818, to cite an extreme contrast, 
the dockside price in New Bedford was 05 cents a gallon, while in 
1855 it was $1.70. Earlier than this, however, whale oils had been 
expensive, althongh they could be burned comparatively cheaply tn 
the simple common lamp. As early ns 1821 winter-strained sperm oil 
had cost the city of Boston $1.07 a gallon on a contract basis. In 1843 
the price of fall-strained oil wos quoted by the Franklin Institute 
Journal (ser. 3, vol. 5, p. 105 fT.) at 90 cents a gallon, and the winter- 
sti'ained variety at $1. It is easy to seo why farm folk preferred to 
rely on lard and tallow from their own animals. 

A few of the inventors sought to improve the efficiency of lamps in¬ 
tended to bum sperm oil. Samuel Rust, of New York, took out 
several patents involving the use of ribbon wicks and chimneys to 
increase combustion, wick raisers to permit finer adjustments, and 
other modifications of the common lamp which sought to improve 
its function. In 1831 William Ljuvrence deigned a hanging lamp 
with a reservoir in the shape of a hollow truncated cono and with 
slanting ribbon-wick burners enclosed in a glass shade. This pro¬ 
vided, in theory at least, proper draft-fed combustion and a good 
central light. Closely related in form was Couch & Fraiy’a lamp 
patented two years later. 

It remained for Isaiah Jennings in 1330 to patent a new fuel and 
thereby make Uie outstanding contribution to the development of 
lighting prior to the discovery of kerosene. His “burning fluid” 
combined alcohol and spirits of turpentine in a proportion of eight 
to one. It was the first chemically made, volatile illuminating fuel. 
The Franklin Institute Journal, a regular commentator and fre¬ 
quently severe critic of new inventions, was enthusiastic: “We have 


ARTIFICIAL LIGHTING IN AMERICA—^WATKINS 399 

seen the ttbove mixture in combination in an Argand’s lamp. The 
flame was cleat, dense, and brilliant. The light may be made greatly 
to exceed that from oil, without the escape of any smoke, and there ia 
not the slightest odor of turpentine. The patentee says the mixture 
is as cheap as spermaceti oil, and that he is making arrangements 
which will enable him to nlFori it at less cost considerably below that 
material.^ It concluded with an afterthought: “The friends of 
temperance will not object to the burning of alcohol” (1B31, ser. 8, 
vob 7, pp. 75-T6). The Journal did not then foresee the dangers 
inherent iti the tisc of so explosi^'e an agent in a common, or even an 
Aigand, lamp. By ISJit tliey had reason, as we shall sec, to comment 
on Samuel Casey’s patented burning compound (one of several 
variants of Jennings’s fluid): “The late fatal accidents resulting from 
the use of such ingredients in lamps will, however, probably put a 
final stop to the use of these mixtures:, and we have no doubt that a 
court of law would now decide that they are not useful, within the 
meaning of the statute” (1B34, set. 2, vot. 14, p. 247). 

Nevertheless, the cheapness of these flui^ and the comparative ex¬ 
cellence of the light afforded by them led to their gradual adoption. 
There were several followers in Jennings’s footsteps, among them 
Henry Porter, of Bangor, Maine, who added camphor, rosin, and 
tincture of curcuma to the formula in 1835. Finally, in 1839, Augus¬ 
tus V, X. Webb of New York began to manufacture distilled turpen- 
tino under the name “camphine.” Later (when usually spelled cam- 
pliene) that became a generic term applied loosely to all tlie fluids. 

The use of undiluted turpentine was not new with Webb, however, 
for only a year earlier Luther Jones had patented n lamp for burning 
this substance. The lamp was advertiscfl in the Boston Transcript 
(November 27, 1830) t 

4 Ncie an el S«jw»ior Lamp. Jones's P.'iteal Rereias I^mp, for linruia? tto 
oil of tutpenrine. For Halt I, title lamp Is wltltoat a parallel, prodncInR tooro ligbt 
from tlio same wliltli of wick than aay other. The matertal otwR lo thorn Is per¬ 
fectly barmIcsB. The lamp can tw lllltid at any lime wlthont the least danRor; 
It «4ts less than qll. and the lamp ts a very eaccUeat one for Btores, Factorlw, 
Work Rbops, Ac, Ac . . . 

The claims made here for its safety are not supported by the Frank¬ 
lin Institute Jouruars commentator: “So far as experience may serve 
os a guide, the lamps for burning spirits of turpentine arc not likely 
to supersede those for burning oil; there are serious objections to the 
use of ths former, and amongst them is the inflammability of the 
fluid” (1838, ser. 2, vol. 84, p. 323). 

The inflammability of the fluid was a factor that came to be reck¬ 
oned with In ever-increasing degrees as these fuels grew in use. Am¬ 
ple evidence can be found in the periodicals of the day. The follow¬ 
ing was printed in the Scientific American for June 10, 1847: “Miss 
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Mfiry Watson was biiriicd to death in Pliiladelphin Jast wrelc, while 
attempting to fill a fluid lamp when it was burning, and the liquid 
taking fire caused the mtastroplie. Her mother and brother, who 
were in the room, were also badly burned in attempting to save her.” 
The same periodical reported on April 27,1850, “A serious fire took 
place at o eamphene distillery in our city on last Friday, by which 
sercrsl of the hands were severely burned. There is scarcely a week 
passes over our heatls without ft number of neciderits from the vise of 
cftmphene.” The next ^tsar this state of alfairs was still continuing. 
““Two daughters of AUlermnn Raiuftss of New Orleans were burned 
to deatli by the explosion of a camphene lamp; two others were also 
shockingly burned by the accident’^ (Gleason^s Drawing Room Com¬ 
panion, July 7,1S51). On September 17,1S5B, the Scientific Ameri^ 
can again commented ivith some astonishing statistics; “According to 
a record kept by Mrs, F. Merriam, tlicre were, during the year ending 
September 1st, 1853, some tlurty-three fatal explosions^ mcstly in 
the cities of New York, Rrooklyn, Williamsbiirgh, and vieinit. 3 ', in 
which nineteen persons were killed, twenty-three persons fatally or 
Eeverely injured, three persons slightly w'ounded, and some three or 
four building! fired. The preparations alluded to are burning fiuid, 
camphene, spirit gas, rosin oil, etc.” 

Prolftibly the first eflort to obviate these dangers was to design a 
new burner less dangerous to use than the common wlmle-oil burner. 
This wns made so tlint its ivick tubes extended upward, away from 
tho fuel, instead of downward. Thus less heat was oonducterl into 
tho reservoir from tlie flame, and tho flame Itself was a greater dis¬ 
tance from the (luid. Extinguisher caps obviated the dangerous 
necessity of blowing out the light. This burner was widely adopted, 
as its frequent survival in collections and antique slio[>s indicates. It 
was designed to fit the same lamps that liad burned whole oil, so 
that tho difTercnce between a whale-oil lamp and a so-called “cam¬ 
phene” lamp is often distinguishahlc only by its burner. An undated 
advertising card of Marsh & Company's Patent Oil Manufactory of 
Boston, probably printed iit Iho lS4fl’s, announces “New tubes fitted 
to Common Wliale Oil Lauitis, from 6i^ to 12^ Cents.*’ 

It may be eoncltided that tho fluid burner was only a relative im¬ 
provement in safety, for most of tho recorded nccideuts occurrtxl after 
tho burner was in common use. The next moves wer© thereforo to- 
w aid designing a “safety” lamp that would not explode. Tliis hoixsd- 
for goal was probably never achieved, but the efforts to do so were 
numerous. Perhaps the most safisftietory was the one patented by 
John Newell, in 1853, consisting of a cylinder of fine wire-gauze screen, 
which encased the wick inside the reservoir. Evidently inspired by 
the Davy miner’s safety lump, this was supposed to keep the flame 
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from backing into the fuel anpply. It "was exhibited at tlie Kcw York 
Cr3'stnl Palace Exposition in 185i and was acclaimed by such notable 
scientists of the day as Benjamin Sillimaii. Anotlier, consisting of n 
glass reservoir enclosing a metal lining, was patented by Prof. E. N. 
Horsford, a Iliirrard archeologist, and James R. Nichols. 

Other iin]>rovcioonts in the use of tmmpUenc and fluids were designed 
to make the flame burn more brightly. One was patented by “I>octor’* 
Hfichael Bo^'d Bj'ott, a flamboj’ant Philadelphia manufacturer of 
glass, patent medicines, and a burning fluid he called ‘*pinc oil.” In 
his lamp the fluid was vaporized and burned as a gas. This was fol¬ 
lowed b}’ several other designs which were in effect gas lamps using 
vaporized fuel. 

The Franklin Institutels cxjTeriments of 1843, already several times 
alluded to, led to tlie conclusion that “camphene possesses a remarkable 
intensity and higher ligliting power, witli a brilliant white flame, and 
from its cheupnd^ presents strong claims, on the score of economy, 
upon public notice. Its disadvantages are, tlie great inflammability 
of the material, the liability to annoyance from its disagreeable smell, 
and the Injurkms and unendurable smoke which proceeds from the 
lamp when out of order, or not properly regulated” (1S43, ser. 3, vol. 5, 
p. lOS ff.). The brilliance attributed to campbene was, of course, a 
matter of comparison and degree. To one used to the single-candlo- 
power light of a whale-oil burner the light from a fluid burner was a 
vast improvement. Tliat tbe fluids were widely adopted, both (we 
may assume) on the basis of their “high lighting pow'er” and “on the 
score of economy,” is evident from the largo number of surviving 
examples. 

To what extent the rural population, with its conservatism re¬ 
enforced by a healthy fear of fire^ may have taken up the burning 
fluids is 0|icn to surmise. Certainly most country residents wore pre¬ 
pared to wcicfimc a safer substitute than camphene for traditional 
lighting devices. Such a substitute was jirovided by lard from their 
own hogs, used in combination with any of the scores of newly in¬ 
vented lard lamps. Most of the lam^ designed for burning lard 
were crude in iippcarance and bizarre in fttneiion. Few were based 
on scientific knou'ledge, but almost all were concemeti with over¬ 
coming the difllcuUies of burning n semisolid fuel. Tliei'e were three 
basic principles employed in the lam [is: (1) Conduction of heat from 
the flame to the fuel supply; (2) gravity’, usually in combination with 
conduction devices; and (3) mechanical pressure. 

In 1830 Stephen P, Moorehead sought a patent on a lard lamp hav¬ 
ing copper wires wound around the wick tubes and leading down into 
die reservoir. Thus heat from tbe flame would, in Uicoiy, at least, 
be carried down to the lard. Moorehead was not the originator of 
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this idea, os the Fraiikliti TtisLitute Joiirnul rather wospishly pointed 
out. ‘The task is not tin agreeable one,” it commeiitecl, “to inform 
a person irbo believer he Ims drawn a prize, that a small mistake has 
been made in his number” (1830, ser. 2, toI. tt, p. 15). It went on to 
explain that a lamp made in Philadelphia SO years earlier had em¬ 
ployed the conduction principle and that another had followed. 
What these lamps may have been cannot now be conjectured. 

IfotwitJistanding its lack of originality, the conduction device was 
used over and over again, even though the patent claim in eadi case 
was ostensibly fop some other feature. Southworth’^s patent of 1842 
is a case in point, whciie hotli a copper wick tube and copper conductor 
strip wore employed. Even as late os tlie following year, a chemist 
named Campbell ilorfit had seen fit publicly to recommend the substi¬ 
tution of copper wick tubes for those of tin. 

In 1834 Samuel Davis designed a lard lamp that similarly included 
copper parts in the burner, Davis’s directions made it clear that 
something more than a copper conductor was needed, however, ‘"If 
tlic lard lamp be cold, and there be no warm lard to start it., hold the 
lamp upside down, and with a match let it bum until the burner gets 
hot, then set the lamp down and put n little cold lard in fJie lid ui'ound 
the wick.” The implications of liardsUip and difficulty in the simple 
act of lighting a lamp—an “improved” one, at tliat—^arc most interest¬ 
ing to reflect upon. 

Delanmr Kinncnr, of Circleville, Ohio, patented a lamp in 1850 on 
the basis of its shape. In addition to having a wide fiat wick for 
giving light, it included also a pilot bnmec from which u conductor 
wire descended into the fuel supply, ilany of Kinncar^ lamps have 
survived, indicating that they enjoyed some degree of success. 

Tlic second group of Inrd lamps depended upon gravity as well 
as heat conduction. Dexter S. Chamberlain’s patent of 1854 prescribed 
a tilting reservoir in which tlie oil supply was kept at a constant level 
with the wick. The patent model is in the United States National 
Museum collection (No. 251802). Moses Woodward’s earlier patent 
of 1842 also utilized this principle. Its functioning was described 
by the Franklin Institute Journal (1844, ser. 3, voL 7, p. 852); “The 
lard can bo burned until it is nearly exhausted, for by tlio lilting of 
the body of the lamp, the bird can be brought near to the ignited part 
of the wick.” 

The lamps of tlie third category were probably the least attractive 
but the most effective. These employed mechanical pressure devices 
to force tlie lard into the wick. An early and evidently popular ver¬ 
sion was patented by Maltby & Neal, of Middlebury, Ohio, in 1842. 
Thmr handsome patent model of bru^ with silver name plate (No, 
S51705) is illustrated in plate 8. Other examples of this lamp in tin 
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and brass also aco represented in the United States National Jlnscum* 

John Graniiis’s patent of the same year claimed the application of a 
“forcing" pump, or hand plunger, “to the construction and use of 
lard lamps,” Very similar, but embodying a key-ptopolled ^orm 
shaft witli piston instead of a force pump, was Smith & Stonesifer’s 
patent of 1854. jVnothcr mechanical piston lamp had been preriously 
patented by Williams & Tew. 

Most of the foregoing were crude looking and were more suitable 
for use in the farm kitchen than in the city parlor. A derice called 
the solar lamp, however, answered all the requirementa of “elegance" 
demanded by Victorian taste. Capable of burning any viscous oil, 
but especially suited to lord oil, the solar lamp was a modified Argnnd 
lamp. Its burner was fitted with a conx’ejt plate having a hole in the 
center to direct the flame upward in a tall column of light, plus a 
tapering glass chimney. It was in every' rcsiiect a superior lighting 
device. Although used for many years previously in England, it was 
not introduced hi America until 1841. From the Franklin Institute’s 
aforementioned experiments of 1S43 it was concluded; “Tlie solar 
lamp, although not so steady as the Carccl, approaches very nearly, 
if it does not equal, that of the Carcel, in intensity. It is com para* 
tivcly cheap, simple in its construction, not- liable to get out of repair, 
and easily cleansed" <1845, ser. 3, vol. 5, p. 105 ff.). Since its initial 
cost was not great, and the cost of lard oil was less than that of sperm 
oil, and since the appearance of the solar lamp was agreeable in 
“genteel” surroundings, its success was assured. It probably displaced 
many of the less efficient and more expensive astral lamps. The solar 
lamp was made by several manufacturers. 

Taste in the 1830-60 period was reflected in lighting devices as in 
other objects of furnishing. There wero to be found handsome execu¬ 
tion of good design on the one hand and esthetic atrocity on the other. 
The more expensive the lamp the more ornate and meretricious the 
decoration. Hand lamps of pewter and glass were essentially simple, 
ns were most of the smaller types other than patented lard lamps. 
A-vlral lamps at tho beginning of the period usually reflected the 
rather severe classicism of the Greek Hevival, bronze Ionic columns 
end square plinths having been favorite forms for their pedestals. 
After the introduction of tlie solar lamp the multiple-unit assembly 
principle led to increasingly incongruous combinations of mass-pro¬ 
duced bases and supporting shafts. Globes for solar lamps became 
spheres of frosted glass, etched or engraved with Gothic arches and 
arabesques. The classic column gave way to cast-bra^ fantasies in 
pscudorococo, and the marblo base was introduced to the lamp for a 
long association. 

As early as 1833 the tendency of metal workers to outdo themsclv^ 
in ornamental excess was already being felt. In the Eighth Exhi- 
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billon of l>oinc!ftic Manufacturers, sponsored by the Franklin Insti¬ 
tute, the Committeo of Judges on Lamps ootnmented that in tho 
tnantel lamps of Cornelius & Company **thB brass castings are grace¬ 
ful and durable, and exhibit a great richness of liue , , . Tlie astral 
lamps of the same artUts are remarkable for new, original, and deli- 
cate forms.*' The word “original” is here siguldcant. In the same 
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report there is reference to an alnioet comb example of the outr6: 
*^The Cominiitee were not less pleased with lamps of anthracite coal 
from die factory of J. W. and F. ICirk . . . Tlie quantity of this 
article sold by the makers, indioates the public sufTrogo in its favour, 
and a confidence in its durability, which we were not preparoil to 
expect” (1833, ser. 2, voL 13, pp. tt*2-03). 

In 1844, at the Thirtoenth Exhibition, tliero was an increasing em¬ 
phasis on fixtures such as *‘rich1y ornamented gas {lendante in ormolu” 
and “silvered chandeliers and candelabra” (1844,ser. 3, vol, 6, p. 402). 
At about this time mantelpiece girandole candelabra were fashion^ 
able, and Starr £ Ck>. of New York advertised a 3-onit set consisting 
of cast-brass human figures on marble buses supporting candle liold- 
ers from which cut crystal drops were suspended. 

The judges ut Uic Thirteenth Esliibition gnvo due credit, however, 
to some of the sinipler devices: *The humbler solar and lard lamps 
deserve more than the passing notice which they receive at the hands 
of the coiiunittec, and will, no doubt, serve to gratify the good taste, 
and aid the vision of a far greater number of our fellow citizens, 
than will the more showy and expensive chandeUers.” 

Like o tidal wove, however, a new discorery in lighting swept 
aside every tiling before it, both in form and function, at the close 
of tJie 1830-GO period. The coup do grace had actually fallen 6 
years earlier, when Abraliam Gesner of Williamsburg, N. Y., had 
patented his “new liquid hydrocarbon, wliich 1 denominate ‘kero¬ 
sene’.” The blow was not Uien immediately fdt, for Gesner’s “koro- 
Sfiio” was regarded at first as merely another burning fluid. But 
the oixming up of the Pennsylvania petroleum fields in 1859 marked 
the turning point by releasing an abundant source of cheap and 
superior fuel. Si>ecial burners were developed, and before a decode 
had passed tlio kerosene lamp, in dramatic fasltion, had virtually 
displaced all its predecessors^ except those tliat burned gas. 

Witli tile adoption of kerosene, as well as tlie increased urban use 
of gas, industrialism took command in tlie field of lighting, just as 
it did in so many phases of human activity. The period of 1830-69 
Imd been one of transition between handicraft economy and mass 
production and distribution. It bad been an era wiieu tlie individual 
tinkerer applied Ills talents to inventing the mecHauisiiis of a system 
wliich was soon to dispense with his ser\’ic«. View'Cd from afar it 
appears totlay fresh and piclureaiue, with its tortuously conceived 
bird lamps being “teased” along in farndiouse kitchens and Its naively 
“elegant” solar lamps symbolizing artistic progress in countless 
parlors. But it had been in fact an eartli-shaking era, for it effiifcted 
the final transition to a new material environment, not the least part 
of which was the conquering of darkness. 
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“What miraculQua progress and improvement is visible on every 
side of tlie U. S./’ Lady Emmeline Stuart Wortlej had exclaimed. 
This expressed well the spirit of advance in the art of illumination, 
as well as of material progress in general. Every inventive step, 
however faltering or unguided, was in the direction of new tech- 
niriucs and discoveries- Every new enibeDislunent in the decoration 
of lighting devices, however awful to modern eyes, represented 
progress in a growing estheticisni. Tims the lamps of Uiis era slione 
upon a stirring scene and were tiiemselves symbols of tlie times, 
reflecting and illuminating a dynamic society. 
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The Development of the Halftone Screen^ 


By Jacob Kainev 

Curator ef Cmphic Arts. U. S. Ifational Muiotm 


[Wilh tt. t>inic«I 

Tm: tremendous incrciise in tlic printing of pictures during the 
jjast ha I f-wiUtiiTr* constitutes one of tlie most important chapters in the 
history of llio grnplnc arts. Wliilc this piienomcnal development in 
pictuto jirinting came about ns a result of public demand, the fact 
romuins that this up^xtito for pictures could never have been satisfied 
had not certain mechanical instruments of reproduction first been 
provided. And one of the most indispensable of such instruments 
was the Iialftono screen. 

TIio Iialftono screen made it posable to transiate the tonai values 
und gradations of n pUotognipli into dots of varying sizes so tluit 
a plflto couiil bo prepared tJiat would reproduce the original by 
relief (letterpress) printing. Carried over into lithography and 
gravure, the Iialftono screen made important contributions to these 
processes and played n key ^Kirt in transforming them into giant 
industries. 

The imiftoiio screen, os it has been iinivorsally used since about 
1895, is mnde uj) of two slicets of glass, each glass being ruled with 
pamllel lines clcltcd and iillctl with black pigment and cemented 
togetJier at tight angles so that the resulting single shcot of gloss 
sJiows a scries of black Hues crossing each other, with transparent 
square openings like a fine version of a wire-mesh screen. "VVlicn 
placed before a sensitive plate in a camera the transparent openings 
permit the light to pass through in proportion to tlie light ami dark 
areas of the object being pliotogniplicii Wlicre the light reflected 
fixnii the object is low a small ammirit of light will pass through the 
openings, wdiich act like a jihdiolo camera, und where llie illumination 
is inteiiiie n larger number of rays will rcadi the sensitive plate. 
In this manner tlie tones of tlie object to be printed arc translated 
into dots of varying sizes. 


1 BcTtud «Dd «ipao(|«e. by |M:riiil»(lsn, Oam an artlfla caUtlcil ’Tlga tlalft^Da Screen." 
pnbDabcd aa n bn>chDre by R. R. nonneUe; A SPM Cm., Cbtengs, III. 
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Tlio Iialftone screen, howeverf did not acluere perfection overnight. 
Like most mcchonicni devices it grew slowlj from tlic original idea, 
and a long series of trials and errors over a period of four decade 
was necessary to bring it np the ladder to practical success. It is 
with the more interesting of these efTorts tliatthis article is concerned. 

The letterpress indtistty, it ^ould be remembered, produced prac¬ 
tically all reading matter until recent years, Yet as late as the 
ISSO^s, despite the fact that photogravure and collotype (as well as 
lithography to a less reliable degree) could reproduce photographs 
beautifully by photomechnnkal means, the letterpress printer still 
required the wood engraver to translate photographs and other toned 
pictures into engraved blocks. Results were alow, costly, and unre- 
iiable. Tliey were, moreover, marked by the stylistic Idiosyncra^es 
of the engraver. Here was letterpress, the most widely used method 
of printing, producing all the newspapers, books, and magazines, yet 
lacking any good method for producing toned pictures photomechan- 
ically to set up in the same form with type. There was good reason 
for inventors to work feverishly to satisfy the insistent demand 
for a reliable photomechanical relief halftone process. Basing their 
work on all tliat had gone before, they gradually evolved the modem 
halftone screen, which was perfected in principle in 188$. By 1891 
(ho diflicuit business of manufacturing accurate screens was finally 
worked out. 

In the matter of creating graduated tones, relief printing lagged 
considei-ably behind gravure from the historical standpoint. From 
tho fifteenth century up to the latter part of the eighteenth, the old- 
fashioned woodcut provided the only means by which an illustration 
could be printed in tiie same form with type. This was strictly a 
line process, with only a rudimentary suggestion of tone. Thera 
was tho chiaroscuro woodcut, of course, which employed separate 
blocks for tones, with a key block in line. This meth^, however, 
required saverel printings and moreover had but. a few simple 
gradations of tone. Numerous methods existed in gravure, however, 
for creating fine lines, dots, cross-hatches, and reticulations which 
produced the Illusion of tone^ These processes, which included line- 
engraving, etching, mezzotint, and aquatint, involved the engraving 
or etching of sunken lines and dots which were filled with ink, after 
which tlic surface was wiped clean and the plates were printed on a 
special engravers’ press which forced the dampened paper into the 
sunken ink-holding lines and dots. No type could be used in these 
processes. Consequently, when tonal pictures were required for book 
purposes, the only solution was to tip in plates printed by gravure. 
This was a costly and time-consuming procedure. 

In 1784 Tliomas Bewick, in England, published his illustrations in 
Select Fables” and demonstrated the practicality of creating tonal 
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effects by ei^gravitig on llio end-grain of a hard^ dense wood, such as 
boxwood. Witli this ianovation wood engi-aving came into univer¬ 
sal use for relief printing, reacliiog its culminotion in the last quarter 
of tlie nineteenth century. At that time, the demand for pictorial 
matter in hooks, magazines, and newspapers reached higher levels than 
ever before. It had been increased by developments in photogravure 
and collotyi>e —and in lithography, which Alois Senefelder discovered 
in Germany in 1708* Tliis process made use of slabs of -Bavarian 
limestone, which had Llie property of being j^nsUivc to both grease 
and water. The drawing wiis- niade on the stone wilh a crayon or ink 
containing grease and pigment and chemically treated to fix the greasy 
image and desensitize the remaiiider of the stone to grease. The stone 
Tvas then covered witli a thin film of water, which was rejected by 
the greasy image but retained by the porous stone. A greasy ink was 
applied by a roller and was accepted by the greasy image but rejected 
by the damp areas. The original drawing was therefore reconstituted 
in printers’ ink and was siisceptiblo of printing under a slight scrap¬ 
ing pressure. Lithography proved lo l>e a versatile i^rocess that of¬ 
fered Ihe simplest and most direct method for printing toned pictures 
before Uio advent of pliotoniechaiiicol printing. 

The modern halftone would not have been possible, of course, with¬ 
out the invention of pbotograpliy. In 183D Daguerre, in Paris, con¬ 
tinuing the work of Niepce, announced the inv ention of the dugticrreo- 
type. A little later in ihe same year Fos Talbot in Enghiud reported 
on the calotype. Of ilie two inventions Daguerre^s was the more im¬ 
mediately successful, although Talbot's unquestionably w'us the more 
important iii the long run, since it introduced ihe use of transparent 
negadve.s^ The daguerreotype produced only a single final silver 
image on n copper plate. Numerous experimenters immediately be¬ 
gan to etch daguerreotype plates and to use elcctrodeposition in an 
effort to turn them into printable surfaces* Although these attempts 
produced interesting results they were basically unsatisfactory and 
were soon abandoned* 

In 1852 Fos Talbot made anotlier coutribution of fundamental im¬ 
portance. It wag known, from llic observe at ions of Ponton and Bec- 
qucrel, that gelatin, when sensiti^d witli a bichromate salts, has a 
propensity to hartlen under the action of light. Talbot was tJie first 
to make practical use of this phenomenon in patenting the photo¬ 
gravure proce^, OF, as he called it, “photoglyphie engraving.^ Hig 
1853 patent, at tlie same time, laid the basis for practically all future 
developments in printing from a pbotographio Image. 

Tlie earliest form of the Talbot process involved coating a steel 
plate with a mixture of gelatin and bidiromate of potasli, exj>asing 
it under a positive, washing aw^ay the unhardened gelatin, and etching 
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With bichloride of pktiniiin. A fociting of ncid-reaisEing rositi [>owder, 
os used in the aquatint process, wtia also used occaRjonujly to provide 
a stronger ink-holding tooth. 

In his 1852 patent he mentioned the use of two or thn?e sheets of 
block gauze, laid across c-eicU other obliquely to break nji the piloto- 
grapliic image, as well ns o siigge^ion “to nmniifacttiro on piiiL|>ose 
some pieces of more delicately woven fabrics, or to cover a sheet of 
gloss by any conv^enient methixl with fine opaque lines to intercept 
the light, or with a powder adhering to the glass, consisting of distinct 
opaque paiticles, and very uniformly di ffused over the surface. Tliese 
things, which 1 believe have not been heretofore used in the fine arts, 
I would denomimte photographic screens or veils.” Tliis wa^ the 
first known pro|>osal of the niodern Tuilftonc sci'cen. The division of 
graphic arts of the Uniied States National hitiseurii bus on display 
a glass screen made by Talbot, a positive, in which regular circular 
opening appear on a dark ground. The date of tliis dporUueulal 
serran js unloiown, but it is likely that it was made a1>oiit IStJO, antici¬ 
pating by tbree-qunrtc-rs gf a century the Grennell patent of 1035, 
which ]>ropos5ed! n screen on ii sirtnlnr princlpJa. 

The first photomechanical halftones for relief printing (Talbotts 
work was primarily iu gravure) wert^ made by Paul Pielsdi of Vienna 
in 1B53 and patented in England in 1854. Pretsdi exposed a gloss 
Of metal plate contec] wilb bichroiuatcd gchitin in the camera or copy-^ 
ing frame and washed the result hi g image ixx cold whaler, which 
caused the gelatin to swell* IVliere light ray a laid exercised hardening 
action the gelatin swelled lea^iti and where the gelatin was least ex¬ 
posed to light and remuinei! softest it swelled most In this manner a 
delicate relief was obtained, graduated in height and depth according 
to the amount of light ahsorbcKl. The reticulated gelatin was then 
cliemically treated to create a nioro pronounced grain, after w^hich 
an electrotype was mode citJier directly from the swelled gelutin reliof 
Of from ft gutta-percha mold* Electrotype plates could be prepared 
for either relief or intaglio (gravurG) printing. The gravure plates 
were estrem ely gooil for this ca r]y st age. Regul is in lette rpress, wh i lo 
coarse and far from unifonnly ssuccessful, were quite creditable as 
the fii^. examples of relief printing to be achieved through the use of 
photography, 

Pretach a use of swelled-gel a tin niokls w'as widely adopted by suc¬ 
ceeding practitioners in all phas^ of photomechauical printing up to 
the perfection of the modern screen. Alphonse Poitevin of Paris 
claimed priority in making use of a swelled reiiciihited gelatin mold 
as a printing surface although there is no evidence to show tlvat he 
antedated Pretsciu PoJteviti also made use of reticuhitcd gelatin in his 
discovery of the collotype procews in 1855. 
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niilftones in lillioginphy u-ciXi gbtuiuci] ns early na 18^2^ shortly 
after the nppearaneo of Tnlbot'S patent. Lemercicr^ a Paririao lithog¬ 
rapher j working with Barrcswil, I>iivannc^ and licrebour^, aertsi* 
tized a Utliogxnph stone ^vith asphaltuin, e^osed it under bl negntive^ 
11 fid washed thfi stone with ether, whkh mnorod the unliardeaed areas 
of asphollnm* The stone wns then inked and printed in tlie usual 
manner, the gmin of the stone providing an ink-holding surface* 
Some excellent results were obtaincil, hut tlic costliness of the process, 
together wuth tlie hvir liglit-scnsitivi t}" of asphalt tun and the corre¬ 
spondingly long exposures required, made the piwc^ impractical 

Poitevin^^ 1855 patent, which dc^rSbed the use of bichtxffiinted 
solutions of gum, gelatin, and albumen (white of egg), marked a great 
liiiprovement in photolithography. Tlie sensitized stone was exposed 
under a negative, the image was developed under w^ater^ witli tlie 
imdevelopcd ureas washed away, and the stone was inked and printed, 
d, S* Petit, in Ids ^^Jlodorn Ilcpr<xluctive Graphic Proceases,” 1884, 
described substantially the snme process, with the exception that the 
stone was inked prior to washing, as the process most in use in photo¬ 
lithography at the time. As u matter of fact, the albumen process 
was uoiversaliy used even after halftone screens were adopted in 
photolithography and is still in standard use, 

Tlio first photolithogniphic hnlftones in the Unitcfl Stiites were 
produced by Cutting and Bradford in lSu€, although tlioir patent was 
dated 1858. The stone or grained zinc was coated with a solution of 
glim arable, potassium bichromate, and sugar, exposed in the camera 
or under a nogaiive, and developed wilh a solution of soap. It was 
then inked and printed. 

In 1S5T Asser develo[iC4t his plintnljlho tnnisfcr pnare^, patented 
in 1S(>0, and took the first foriiVanl step in the medium &hu’e Poitcviii. 
ThisinYolvcd the sensitizing of sked paper with potassium-bichromate 
solution, exjwsitig under a negative, devdoping the paiwr^ and inking 
\U Tlic image was then transferred to stone or zinc and printed. 
Later workers made extensive use of the transfer method, which was 
useful, among other things in eliminating unnecessary handUtig of 
the heavy stones. 

Developing Talbot's ideas, A. J. Berchtoid suggested in 1855 and 
1857 a varlet}'^ of mciiiods for proelucing screens. These inchided ihe 
interijosjtioii of n transparent paper raiwl with crossed lines bctw'cen 
the negative and the scnsitizeil prinilng pinto. Another ititerGsting 
idea, set forth in Ids French patent of 1867, was to cover a glass plate 
with an opaque varnish and rule linca across it, which w'ouhl remove 
the varnish at equal intervals and create a series of fine tniiispareot 
parallel lines. This screen could then bo placed over the photographic 
image and ©xijosed for as long a time os that which produced tlie 
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image. The screen was then to be turned at right angles to the orig¬ 
inal direction of the lines and the exposure continued, with less time 
given for the second esposure. Tile screen was then to be turned 
diagonally and exposed for a period of still less duration^ and a 
fourth turning on the opposite diagonal would be shortest of alh 
Berchtold stated that the tones in the darkest areas would be composed 
of four lines, the nest darkest three, two, and one, supplemented as 
well by dots where the lines mlerscetcd. This process, lie stated, 
would reproduce Ute modoling of tho original photograph and could 
be used for work in relief or typographic printing, gravure, or lith¬ 
ography. Many of his suggestions, which we cannot be sure he him¬ 
self ever devc!o[Mrd, were worked out eventually by later cr^perimenters. 

The first workable halftone screen was patented in 1865 in this 
country by General Frederick von Egloffstein, who also founded the 
Holiographic Engraving Co., the fii’st commercial establishment in 
the United States for producing photomedianical halftones. Only 
Paul Pretsch^ Photogalvanogtwphic Co. of Ijondon antedated von 
EglofTsteins organisation in the commercial field. 

In his patent of 1865 von Egloffstein described his screen, or “hdlo- 
graphic and pliotographk spectrum for producing line-engravings,^ 
as being a shed of plate glass covered with an asplialtum ground, aa 
used in the making of etchings. A diamond point governed by a rul¬ 
ing machine was then traced over the dark ground, removing tlie 
ground and creating transparent lines. A variety of patterns could 
be traced, running from perfect parallelism to semicircular rhythms. 
Von Egloffstein'3 typical screen, however, was a wavy single-line 
effect made up of minute dashes. These screens were often extremely 
fine, sometimes running to over 400 lines to the inch. Yon Egloffstein 
exposed his sensitized plate under a screen. His patent describes the 
procedure as follows t 

Hie Epeclrum is thug inj|>rLtiled upon the vflmisti previous to its receiving th^ 
photo^phlc linage ht means of a secoad exposure to tUe If^bt Both 
are thus blended into one, the spoetrum giving textarc to the pboto^aphlc 
The a mnj follow the ordlnnry beUoi^rnphlc maRlpiiIatiDDa of iteTeloplng the 
picture. Tlio phoLo^rqijbLv Image bela^ the Instp onii for a lunKer period ei- 
posed^ overpowers the spertral lumge, but only so ns to preftirre the delicate 
Imtf-Unla, the Fpoctnini rcnialalag sufflcleatl^ strong to serve as a meaaq for 
hbldls^ printer's (ak wbea Imprc^lons aro tohoa from the plate. 

Ton Egloffstein sometimes combined two or moro screens, and an 
examination of Itis halftones under a glass often reveals a complex 
pattern of lines, dots, and dashes. His work weis exceptionally ^>od, 
but because of his highly exclusive and secretive workdiop practices 
his business did not prosper. Von Egloffstein never allowed work¬ 
men from one section of hia shop to visit another section, fearing that 
the details of his processes would become known and that others might 
glean the fruits of his labors. 


HALFTONE SCHEEN—KAINEX 


415 


It is jiccessiirj' Iictc to omit mention of some transitional workarSf 
none of whom lind particularly ori^nal ideas, and to proceed to 
Edward and James Bullock of England, who patented a process in 
1866 which was put to use in producing halftones in photolithography. 
The Bullocks’ specifications stated: 

Our process is to retlmlnte the Besatlres, which may be done by pJactng rhe 
copy oC a reticulated or praDUleted lUEtace face to lace with any ordinary 
iic];atiTe, and copying bath together through the light, thus producing a trona- 
pnrcncy from which a negative must be tahea, a print from which upon poper 
prepared hy any of the blchroointe and Inh proeeaaea known In the trade will 
have the rettcnlnteil or grannlaied appearance aforenientloned. This copy with 
the reticula tioas may bo transferred to a stone or sine plate, and any number of 
tmpreaaioiiB may be printed off, each bearing the marhinpa or reticulations of 
the Interposed copy wltli the Lights and shodeaaccording to the original negatiTc, 
and bearing all the appearance of an cngraelng or tlthograph. 

Varying this process, the Bullocks described the use of a transfer 
paper, either ordinary or photographic paper, which was coated with 
a gelatinous solution: 

Upon the paper so propaped Is printed a granulated or retlcniatcd pattern of 
any character, composed of dots or lines of Ink of any hind or colour haring the 
power partially or complelely, according to reqnlrementa, of preheating the 
light acting on the paper beneath. In this case the specks of ink themselres 
form a medium, and by their aid eiccaalre contrasta are nroided and half tones 
secured. Such plctare when so obtained la passed to a Uthogniphlc stone or 
Sine plate, and a printed proof produced tbetefrom . . . 

During the latter part of the 1860*s most experimenters were gen* 
erallj acquainted with the halftone screen, realized its possibilities, 
and attempted to perfect it as u mechanical instrument. The first 
worker to produce genyd practical results was William A, Leggo, of 
Canada, who, with George E. Desbarats, patented a process in 1S71 
which incorporated the uso of a scieait in contact with a negative. 
Before this period, however, Leggo aud Desbarats had patented in 
1865 a sort of improved Pretseh method of relief halftone, wliich they 
called Leggotype, through the use of a singlo'lino screen and the 
swelled-gelatin process. Later, this process was the basis for the 
commercially successful hfoss process. 

Leggo, who was the laboratory worker while Desbarats was the 
financial hacker, made cro^-lined screens through darkened collodion 
coatings on glass plates. By the use of these screens they made the 
first halftone reproductions to be printed in any periodical, 
first, a portrait of H. li. H. Prince Arthur, appeared in the Canadian 
Illustrated Xews for October 30,186fl, and was printed by lithography. 
In 18T5 Leggo and Desbarats found^ the New York Daily Graphic, 
which became the first daily newspaper in the United States to use 
illustrations in the modern sense—^in other words, the iirst daily 
periodical in this country to use photomechanical helftonu illustra- 
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tiotia. The rnsiik piigcs, bearing die illiistrntIons, were printed Htho' 
grRphically, imd tlic remainder of tlio paper, Iwaring the bulk of the 
text, was printed by letteiprcss. 

It is likely that difTieulties in eteliiiig the miiuite dot i^lnictuiiD of 
relief plates made letterpress less feiisihle tliati lithoj^nphy, at the 
lime, os a niedium for use with the halftone screen. However, lithog¬ 
raphers in general lost interest in obtnining indftone results during 
t he next two decades. There seemed to Ijo little point in using screens, 
which resiilletl in coarse Iialftones, when tyi>e could not be employed 
at the^me time. St'reenless halftones in lithography could not com¬ 
pare with the finer products of other processes, and so lithographers 
concentrated niaiidy upon Hne work. ftcr all, excellent halftones 
were already obtainable through the photogravure and collotype 
processes. Ihc rapid development of collotype, which made use of 
principles similar to lithography nnd whieli prcaluced finer textures 
and gradations, was probably im ndded factor in the decline of die 
photoliihographic halftone irv the 1870’s, Moreover, the ’Woodbury 
process turncnl out screenless halftones that were distinguishable 
from photographs only bectiuse they were richer in ttmal value and 
finer in detail. In any case the most pressing comiiicitrlnl need for 
halftone was as a replacement for wood cngToving—in other words, 
in letterpress, where littleor no progress liiid been made from Prctsch’s 
time to the ISSO^s. 

In 18^ bir Jc^ph ’n''ilgon Swim patented Ids photoiiicsixotint 
prooesj, livliidi he chiitncd was lukptnblo to typographic (letter- 
press), intaglio, and lidiographic printing. Suim dcscnlicil a va¬ 
riety of procefUires, biU most interesting for pi’cseiit pur[>oscs were 
those in which he suggested the use of screens. One screen was miulc 
by coating a sheet of glass with an opaque etching ground, ruling 
thmugh the ground to the Eurface of the glass, and using it as a 
screen for pitidudiig halftone negatives. Another process involved 
the use of particles of opaiiuo matter cither dusted on the ncgiitire 
or incorporateii in a solution of gelatin coated over the negative. Of 
particular importance, however, was his suggestion for using a photo¬ 
graphic negative perforated with minute holes. This negative, used 
ns a screen, would result in a diffusion of light, intense at the center 
ami shadowy at the periphery of the openitijs. This idea, the possi- 
hil’ities of which Swan did not rcidiisc at the time, antidpated the 
principle of modern halftone screens. This English scientist, who 
was also of pioneer importanco in dcvolopiug the incandescent light, 
niade a further contribution to the diffusion of light in halftone serins 
ill his patent of 187$, which will be discussed later. 

Itobert Faulkner, in 1873, made the first definite suggestion that a 
screen out-oMocusbe used to create a finer grain structure. Faulk- 
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ner’s Englisli patent otherwise had very little originality, and the 
Ecrcetis he suggested using were to be of wire, gauaie, insect wings, 
or other textural materials, but since it did make suggestions for dif¬ 
fusing light, how'cver tentatively, it is worthy of note, Faulkner 
suggested shading jxirtiuns nf tlio object tliiring exi>osiux!, or lbrow¬ 
ing it (tiio object) “a little out of focus Ity inclining it more or leas 
to the plane of tiie picture, or a lens may he ein[dAyiH] which fociusea 
part i>ut. not the whole of the object.” FuulUner was concerned with 
obtaining a greater range of gradation in halftone, striving to create 
die effect of distance, transparency, and opacity os in nature, and it 
ie this preoccupation that gives meaning to his otherwise fruilleas 
efforts. 

With the 1ST9 patent of Sir Joseph Wilson Swan camo tlie first 
glinuncrings of the inoflern idea of spiuading light tlu-nugh a screen 
for better gradation. Swan stated, “Tlio sciwii is moved iicriodicaHy 
so that a stronger i'mj>resni(yn of the tiTici! and a greater number of 
crossings are obtained in tlie shaded portion, or vice versa if a ]>ositivo 
tratisparcncy is used.” TJiis idea marked something of a turn in tlie 
road, for, nltlmugh Beixditold had spoken of turning I ho screen in 
his 1857 patent, his intention had obviously been to create a ciosa* 
grain nf linos of equal thickness rather than diffuse the light to oblaiii 
lines of unequal thickness. Wliile at first glance d wan's idea is almost 
identieal with tiiat of licrciitold, the fact that certain lines wcio to be 
stronger diun othei-s implies a dilfusion of light to obtain heavier or 
lighter images of the lines on the sensitizcMl plate. These plates, ac- 
curding lOi Swan, could be used for the swelled-gebtin process or for 
“photo-etching purposes,” or, in other words, for etched halftone 
relief printing, 

In 1381 Frederick E. Ives of Pliiladelphia patented the first really 
successful commercial method for creating lotterpi'ess halftones. 
Ilia method, however, conceived in 187S, wiis slow anil indirect, and 
it did not make use of a screen; nevertheless, it did break up tiio 
]>hoto|praphic ininga into numerous dots of varying size. The Ives 
process was basod upon a swelled-gclatin relief that w'as used to make 
a hollowed plaster cast, A gloss plate having a surface eompoa^d 
of elastic pyramidical projections was then inked and pressed against 
the will to plaster. Where the swelled-gelatin impression iiod left 
the plaster deepest, the tips of the pyramids scarcely toudietl, anti 
so created fine dots; and, at the otJicr extreme, where the plaster 
Was highest the iiyramids w’ould stpicezc flat, creating hoavy dots, 
Intermediate i>ortions would receive dots proiiorLionnte in size to 
the varying levels of tlm plaster. The plaster east was then photo¬ 
graphed and reproduced as lino copy. It has been said tliat Charles 
Petit of ParLs patented a similar process in 1879. This is not quite 
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accurate—for \vliile Petit’s Simiiigravure wag indeed based upon 
a plaster cast produced by tlic swelted-getatin metliod^ it employed 
a V-shaped graTBP that moived uniformly over the blackened plaster, 
producing white horizontal and vertical lines which in effect created 
black dots of varying sizes in tlie plaster mold. Petit’s method did 
not work out too well in practice, while the Ives process, commercially 
promoted by the firm of Crosscup & West, was widely used and yielded 
some beautiful results. 

It should bo borne in mind that the mete fact of patenting an 
idea, however useful, did not ensure that the inventor was able to 
visualize the steps necessary for carrjdng it out successfully. Other 
workers, whose basic ideas were not nec^e^rily original, were able 
to bring the unsuccessful ideas of others to fruition. These com¬ 
ments are not directed at Ives in this instance, but at George Meisen- 
bacli of Germany, who in 1882 patented his halftone process in Eng¬ 
land. Meisenbacli, who has often Ijeen termed **tbe father of half¬ 
tone” on tlie strength of his successful commercialization of cross- 
lined letterpress halftone, used single-line soreens that weie turned 
during exposure to obtain cioss-Iined effects. Tliis idea, as wo know, 
was previously propo^d by Berolitold and Swan; but it is evident 
from the quality of hig results that Meisenbach eliminated to some 
degree the uncertainties of focus tliat bad previously been a barrier 
to reliable results. Although in point of time tlie Ives process ante¬ 
dated Meisenbach’s Autotypie halftones by a year or so, the fact 
lemains that ileisenbach’s firm was probably tlie first to achieve 
commercial success with relief halftones made through the use of 
screens, Meisenbach’s earliest work was in single-lino Iml ftn ni t , 
with the screens moved slightly during exposure, and it is prob¬ 
able that cross-line results were not obtained until 1883. 

Shifting the scene to America and reverting to an earlier date, 
we may note tliat coarse but clear letterpress halftones were made by 
Pennington & Co. (National Bureau of Engraving) in 1878 through 
the electrotyped reversals of photogravure plates. In the same year 
tlie U. S. Engraving Co. made letterpress prints from single-line 
screens. In 1880 Stephen H, Ilorgan produced a number of single- 
line halftones, including the much publicized Siiantytown, which 
W'es made from a Leggo screen. 

The Ikfosstype was a popular variety of halftone from about 1885 
to tlie early 1890’s, It was made by the ilosa Engraving Co. of 
hiew Tork through tlie use of the swelied-gelatin process in conjunc¬ 
tion with single-line screens, although cross-lined effects were ob¬ 
tained also. Since John B. Jfoss never divulged his methods, it is 
tonjectured that he made an electrotype from the gelatin relief, as 
in the Leggotype and other variations of Pretsch’s process. The dif- 
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forence In Moss’s case was that he add^ numerous refiiieineats and 
was able to achieve good results with a heretofore unsuccessful 
process. 

During tho iS&O’a greater efforts than ever before were made to 
{lerfect letterpress halftone, or at least to obtain passable results 
to satisfy the increasing demand for illustrations in newspapers and 
magazines. Among the processes that achieved a moderate degree 
of commercialization was the Lusotype, patented in England in 1883 
by Brown, Barnes, and Bell. This process had several variations, 
but in its most widely used version a fine wire mesh was pressed 
into a moist photograph, embosring and roughening it uniformly. 
Under a strong oblique light the cross-lined shadows were deepest in 
the dark areas and lightest in the pale sections. A negative was 
made, intetisiJted, and printed. The photograph was then used to 
make line copy. Needless to say, results were coarse but seemingly 
adequate for certain types of publications. 



Ficuk£ L^Drawing of hiLfiooc greitljr flilirgcd. 


The perfection of the halftone screen as we know it today was the 
result of work carried out independently but at about the same time 
by Frederick E. Ives and tlie Levy brothers, Louis and Max, in Phila¬ 
delphia. Ives in 1885-86 successfully sealed two single-line screens 
together at right angles and worked out the lelationahip of screen dis¬ 
tance and focal length. His nodon of the “optical V,” wherein each 
aperture in the screen becomes a separate lens admitting varying de¬ 
grees of light, is still the foundation for modem process work. Ad¬ 
mittedly some of his ideas were known before, but it seems incontro¬ 
vertible that Ives first stated them in clear terms and made it possible 
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to bridge tlio gup between theory and practice. CJarsido ami Borljind, 
in tlieir eepanite Britieii patents of iSSa, luul suggested scrceus (q bo 
placed some distance away from the negative. It is evident that tbey 
bad no nolioji that a proper focus was neceasiiry, and nothing cam© 
of their patents. 

The crowning acbieveinent in halftone screens was tlio Levy prod¬ 
uct, which lias been nnsurpassed from nlxnit ISOO to the present daja 
Although Ives had oemoiited screens together somowlint earlier, his 
screens were of th© old variety, ruled by a dlnmond point through 
darkene<l collodion coatings. It was the I^vys who created a new 
type of sciaen, made of the hnest optical glass, on which dark lines 
appeared on a transparent ground. Tlie glass was first coated with 
an acid-resisting substance. An improved automatic ruling machine, 
invited Ify Mas Leiy, made uiie of a diamond point in cutting the 
desired number of lines to tlio inch on this surface, The fumes of 
hydrofluoric acid wois then used to etch the lines in the glass After 
the resist was removed, the linos were defined by filling thorn with a 
black substance. Two ainglc-line screens w ere tlien cemented together 
so that the lines formed right angles, ercatiiig a cross-lined screen, 
lliia method, in its essentials, is still used today, 

llie lyavys’ first important piitent was gnintwl in IS03, although 
tlieir screens had been on tlie market since about 181)0. In any case 
their screens were of such fine (junlity, so apparently llawless in worls- 
maiiship, that no other company has been able to dislodge them from 
their position of precminencB, During the early period, in particu¬ 
lar, they were almost without competitors. 

The matter of raainifacturing halftone screens is far more difllcult 
than it might npiicar. Glass does not often etch cleatdy, and ruling 
SW to 400 flawless lines to the inch through ast^haltinn coatings with a 
diamond point requires special knowledge and special equipment. 
Until recently tJi© Ijcvy processes were kept secret, Wliile others 
tried to manufacture screens of comparable quality, they wore unable 
for many years to do so, and Levy screens became synonymous with 
the finest work in halftone, 

The old photogravure process, invented by Fos Talbot in 1852, bad 
in tlie meAntiine lisen to first rank aniong the tonal printing pi^occsses, 
at Ic-iat from the standpoint of quality. It was universally conceded 
to be the most “artistic” printing process, and in fact it produced 
[mints of an nncqualcd richness tind beauty of tone. However, this 
process ^uired more Land work tlian any other method, and conjSe- 
quently it was al-so the slowest and moat expensive printing method. 
Xerertlieless, it produced such magnificent results that it was widely 
employed, both for spwia! plates to be tipped into publications and 
for Tt^ptioduciKg fwiintiii^ and other subjects for separate i^ue. 
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The most imyortftwt improvement in the process was ilia contribu¬ 
tion of Karl Klic, of Bolvcmia, wbo in about 1S75 omploycd carbon 
tissue, a paper coated with pi|pncnted gelatin, originally invented by 
Swan, whidi was sensitiKed witli potassium bicbromala and es posed 
under n positive. It wos tlicn placed face down on a copiicr plato 
coaled with mintttc I'esiii granules which Lad been mado to ad I lore by 
heat, and wadicd with w’urm water to dissolve (he unhimlenod gela¬ 
tin and roiiiovo the paper baoldiig. Tbc image w'as tlins fixed on tbs 
plate with various densities of biohromatod gelatin corresponding to 
the variations of tone in the original. When placed in tin ndd bulb 
Ihe acid, genemUy perdilorids of iron, etched through the resist to 
the degree that tlio levels of gelatin permitted. The result wns a 
plate etched in varying depths, a pliotoaiiuatint, that when inked and 
printed on u copper-plate press reproilticed the subject in varying 
dcptlis of ink. Ktif's improvement on Talbot’s process was in the use 
of carbon tisaiu!, whicli showed Llic image cknrly in pigmented gela¬ 
tin and whicii could be firmly fastened to the gi-alns of resin, Klit 
did not patent this process, wldcli lie keptscctHti for a few years, but 
it soon bccamo known and was gcncrnlly imcd by gnumii} plutemakers 
from that time on. 

The greatest iriiprovi'inent in pbotograviiine, fi-om the standpoint of 
commerce, wsis Kill’s invention of the rotogravure process so univer¬ 
sally used today. In about 1694 KUq etched copper cylinders, prob¬ 
ably using a variety of halftone screen and sheets of carbon tissue, 
which, after exposure under a positive, were squeegeed to the copiier 
cylinder, developed, and etciied. Kli^^s idea w'as to etch square dots 
of equal size but varying depths into the cylinder, w'hich, when filled 
with ink and the surface wiped clean with a steel blade, would create 
tones depending upon the thicknesses of ink deposited upon tiie paper. 
Letterpress halftone, on the contrary, made use of dots of unequal size 
but of uniform color. In rotogravure a thin ink was used so that the 
paper showed through in the light tones hut less and less as the ink 
tlepo^its been tnc heavier. 

At a siiiglo leap rotogravure became a practical, high-s|ieed process. 
It took some yetii's for others to work out a process contpurable to 
Kliy’s^ which whs employed hy tho firm he set up in England, tiie 
Rembrandt Intaglio Oimpany. This organization was the first to 
inrikc commercial use of the ititogravure process. 

Although Kli^ kept his methods secret, jus results dearly indicated 
tho riatiirc of his general conception of ]dateniaklitg and printing. 
Between 1!)U1 and iOOS Dr, Kdouard Mertens, of Berlin, and Charles 
W. Saalburg, of East Orange, N. J,, succeeded in perfecting the meth¬ 
ods now* in use, Saalburg, in 11K)9, patented the process, which, in its 
essentials, is in pre.wt use, although he originjilly used single-lins 
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screens, exposed twice to create cross-lines, rather than the cross-hue 
screens now in use. Saalburg’s firm, the Van Dyck Gravure Company, 
also made great advances in color, preparing a four-color rotogravure 
page for the Printing Art of June IPOS, which is said to be the first 
example of machine-printed rotogravure In full color ever used in a 
periodical. 



Ficuu 2.—DctiU of rotogravure iulfiont ktcoi, greatly enlar^ged. 


In the rotogravure process a special iLalftone ecreen is used, one 
with opaque squares and transpareut lines, a reversal, that is to say, 
of the usual screen. This screen is placed in contact witli the carbon 
tissue, previously sensitized with potassium bichromate. Upon ex¬ 
posure to light tile line structure of the screen is hardened on the 
tissue, while the dark areas, which prevent the light from reaching 
the gelatin, remain soft. A positive of the Eubjeet is then placed in 
contact with the carbon tissue and exposed again, Tliis time the 
light penetrates the previously unexpos^ gelatin in the square areas 
and hardens it in proportion to the amount of light received. The 
tissue is than squeegeed to the copper cylinder, developed, and the 
unhardened areas and the tissue backing are washed away, after which 
the cylinder ss etched through tlie varying levels of the gelatin. The 
resulting image is etched beneath the level of the cylinder to ¥ai 7 ing 
depths, with the hardened and unetched lines of the screen forming 
walls that remain level with the surface. TTie cylinder ig rotated in 
a trough of thin ink, after which a flexible steel blade held in contact 
with the cylinder wipes die ink from the surface, allowing the ink to 
remain in the wells below. The cylinder rotates through die ink, 
^e steel ^‘doctor” blade wipes the excess from the surface, and the 
image is impressed on paper fed from a cylinder either in separate 
sheets or from a continuous vreb of paper. The entire picture is a 
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PHOTotlTHQ^nAPHT BY LCMEnciER USING POlTCVIN'S PHDCUS 

Sfliilptiirwl tnpt>eh printed by Alphonse Foilevln'* aJhsimoii prucefw. Paitevin Mid 
his prcMrefts to Louiufcier in 1857, 
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Snairlyfr^Liiii ISjtpnri, 1911.—ILiimti 


PuATE 5 



PHOTOLkTKCHSHAFHV ft’V WlUukAirf A. LlEGQO 
Vi<r^ of A Churehi.'*^ mftilb AboiiilL 1873 throng a cmuhLlse iietveEi. 
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RoTAItV ^HOTOCiRAViJRE HV HUC 
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2 . PhQ^o^^tlH>g^apt^y by S\ ilUam A. l>clafcf of plate 6, ^Ally railariM^ 






































R«p£prt. 


PL>T^ 1 I 
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continuous tone of ink, miming from tmnsparcncy to opacity de¬ 
pending upou tlie amount of ink in tiic wdls, except for the fine lines 
of tii6 screen, which remain without ink, having provided a surface 
for the “^doctor” blade to wipe. 

During tJie first (juartcr of tlie twentieth century numerous screens 
were suggostetl and de^'eloped, and many were designed to produce 
unusual line patterns and textural effects, hut the overwhelming ma¬ 
jority were the cross-lined halftone and rotogravure screens. Another 
type of screen that was fxjpular for some yciirs after Uie tuni of the 
century was the incxzograph screen, s>utentcd hy James TVliecIer in 
h^figlaiid in 1B97. This screen contained no pigment and resembled 
fi sheet of frosted glass. It was made by coating a glass plate with 
minute drops of liquid resin, which acted as an acid resist, and etch¬ 
ing with hydrofluoric acid, l\^len the resin was removed tlie glass 
was unifornidy pitted and composed of levels of transparency. Used 
as a ^reen in photoengraving, this glass produced a granular struc¬ 
ture in the final printing, wliich, wiiile sometimes too evident, was 
well suited to certain types of subjects. 

In 1928 A. lionald Trist, of England, inventor of tlie bimetallic 
Pantona process of lithographic printing, patented a screen which in 
principle anticipated the present variable-opacity or contact screen 
developed hy Kodak. Trist used an electrically rotated disk in con- 
junction with standard screens. By this means ha Could produce 
vignetted densities in transparent celluloid-process films. The re¬ 
sulting screens could tlien bo used for confnet printing, being particu¬ 
larly serviceable in his lithographic piocess. 

The variable-opacity or contact screen was developed to correct 
some of the shoHcoinings of the couveutional cross-lino screen. Con¬ 
trast is often difficult to contral, and tone reproduction, consequently, 
is often uncertain. Variable-opacity screens are intended to correct 
this uncertainty and in addition to lake less camera time, Problems 
of focal leiigtlt are overcome since the screens are placed in contact 
with Iho sensitized film. Gradations of light are managed by vari¬ 
ations in dot intensity, the most opaque points being the centers of tlie 
dots, which fade out gradually to- translucency at the peripheries. 

Several proposed variable-opacity screens led up to the Kodagraph 
screens, the first of which was patented iu 1942 imd 1943. This earlier 
Kodagraph screen, orange in color, was used with a continuous-tone 
magenta negative placed in contact with Kodalith film. The positives 
obtained were composed of dot.s—like tiicse pi'oduced by the Levy 
screen—and contrast control was secured by variation in relative 
amounts of orange and red light during ex[lofitire. Tiie Inter improved 
screen, magenta in color, produced negatives rather tlian positives. 
The screen was used primarily in lithography, but screens for photo¬ 
engraving are now us^ commercially. 

—sa—28 
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TJio halftone pinto now used in lottefpress printing begins with 
a screen plnoed in the camera ut n proper distance from the sensi« 
tized him. The image is pUotogmplied througli the screen, the light 
jms^ting through the cluiir squares so tliat tlio original image is hrokon 
Mj> into minute dots of vnlying siiscs depcmliug u[Hin the lineiiess of 
the Bcrccn and the amount of light reflected from tlie copy. The film 
negative is then strippetl from its celluloid or glass Inise, placed upon a 
piece of clear glass, and esiioscd to strong light over a copper plate 
coated with a solution of hichromated gelatin. Light hardens the 
portion of the plate wiiieh will eventually become the raised or prints 
ing su rfo ce. The ii iih arclened gelati ii is washed off, exposing the hare 
copper for etching. Tlie plate is then etcliod in several stages with 
pal’d I lor ide of iron, the sides of Die dots being dusted with an acid 
resist, dragon's blood, at each stage. The dots in relief, when inked 
and jirinted, recreate tlie original. Tliis brief siirummy merely touches 
tipoii some of tho most imj>urtaTit operations In platcmakingand gives 
no ifulication of the skill and care required. 

hfany important developments, particularily in recent times, havo 
been omitted because of the necessiLy for condensation. Nevertheless, 
we iiavo touched upon tlie high points in the growtli of the halftone 
jirocess, and noted how the development of a reliable screen was the 
main factor in dnally removing tho barriers to cheap, rapid, and faith' 
ful reproduction of continuous-tone pictun^ The achievements wore 
not confined U> letterpi'ess, as we have seen, but were carried over into 
lithography and gravui’c ns well. It was leUerpress, however, the 
last major process to obtaui photomeclianical halftones, tliat began 
the era of modern high-speed printing of halftone subjects 

l'>om this beginning sprang great industries, trades, more rapid 
means of communication, clearer and more cfhcietU means of education, 
and other technical advances tJmt have done so much to give our civili¬ 
zation its distinctive character. Our modern conception of advertis- 
ing, for example, with its stimulus to business, leans very heavily upon 
Uio use of the halftone screen. The present wide use of color printing, 
with its added atlractivcnesg and veracity, would not have been pofl- 
siblo without die perfection of the half tone screen. It has made 
po^ihle the popular and widely circnlateil ptetura magazines through 
which much entertainment and educational mutter is given mass dr- 
culation. It serves as an indisiien.sgtble tool in recording scenes and 
events for imniedlnle use in newspapers and in nows periodicals. It is 
iiidi8|>eiisah]e in prejiaring such printed advertising as mail-order 
catalogs, which serve the public ns pictorial deiairtment stores. Tech¬ 
nical books, art books, children's books, posters, caleiidara, greeting 
enrols, house orgatiH^ fiction and home magazines—these and publica¬ 
tions of n hundred other kinds all derive a great part of their beauty 
and effectiveness from tho ubb of halftones. 
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It is £>ossibte that the halftone screen will erentuallj be superseded 
by other, more eOietent, instrumentalities for obtaining toned pictures 
in the printing press, Tho rise of eiectToiiics is alremly responslblo 
for n device, in successful although limited commercial use, for ob- 
taining coarse and moderately fine hiilftones without the use of a 
screen. The Fairchild Photo-Electric Engraver, the Faircliild bro¬ 
chure states, "is an electro-mechanical device for producing halftone 
engravings on plastic material without recourse to pliotograpliy or the 
uae of chemicals.” It makes use of an amplifier system by means of 
which the tonal details of the pliotograph to be reproduced are trans¬ 
mitted from tlie electronic scanning assembly to the engraving assem¬ 
bly, Fine dots are burned into the plastic plate by a heated stylus. 
Halftones can bo made corresponding to 85-, and ISO-line screens. 
At present the Fairchild machine is used chiefly in newspaper work, 
where the comparative speed and simplicity of the process is a great 
advantage. In any case, wliatcvor the future nvay hold, the halftone 
screen has played and is playing its part in ci’cating u censdess flow 
of pictorial material for a worldwide public, TliU piece of glass 
marked by intersecting lines—this delicate screen to which the half¬ 
tone owes its existence—has proved to be one of the truly important 
contributions to industry and culture in the modem world. 
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The Artist and the Atom’ 


By Peter Blanc 
Art Departmtrit^ Amtricm Universty 


{With JI tUtn] 

It is u eaiiijuonplftcc of contemporary thought that the period of 
the last hundird yeaiia has been preemiiiiendy an agp^ of science. All 
Belds of intellectual endeavor exhibit sigtvs of I he infiltration and 
influence of the scientific atiitnde} and all display scars, indeed open 
and still bleeding wounds^ Inflicted by the penetration of tlio new 
and shocking discoveriesj theories, and conceptions of modern science. 
TIjc plastic arts have been no exception, and critics and art historians 
are at one in perceiving o connection between science and modern 
art from the impressionists to date« But the particnlar aspects of 
scientific thought which appear in modern painting and Eculptune 
have not been analyzed. It is the purpose of this article to ostablisli 
that the connection between modern science and modern art lies pre¬ 
dominantly in that field of scientific thought which is the most dis¬ 
turbing, and by the same token the most enlightening^ to the philo¬ 
sophical tliinker: tlie field of research into tlie }>asic composition of the 
uni verso and all that it contains—the theory of atomic matter^ 

In tlie early years of the nineteenth century the scientific center of 
tlie world was Paris^ In Fmnee during the eighteenth century science 
had permeat-ed literature—Fontendle, Voltaire, Biiffon—and this con¬ 
nection between science and literature ivos mairLtained during the early 
nineteenth century largely owing to the constitution of the Academic 
dea Sciences as part of tlie lustitut. In Germany, on the other hand, 
science was merely the handmaiden of philosophy, and science courses 
at the imiTersitics were taught on tlie basis of doubtful philosophic 
theories. The situ.ation in Genoa ny was more typical of the period 
than was that in France^ for on the whole the scientists were then 
working in obscurity in the laboratory', con ducting experiments and 
accumulating the mass of data which in the maiii was not to be ayntlie^ 
sized into general principles and disclosed to the public till the last 
half of thecentnrj^ 

^ E[«l]nEitc!d Ijf p«rialjiEloD ^rO-lai MLrAiln* at Art, xal. 44^ No. -t. April lOSl. CwzKlit by 
tbi AnifHmn F«drritloD of Art*. 
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But at the nudc^ntury tlio aUuation changed^ Xhe scientists came 
out of tlie labofatorj and took to their TPriting desks, TIio |>erio<] 
from 1850 to 1670 saw few now discoveries but witnessed tlio develo^v 
nient aiul clarification of general laws and principles drawn from the 
data acouniuhited iJuring the preceding 50 years. Tlie principles of 
tlio conservation of matter, I lie law of the dissi]Sfltion of energy, Dal¬ 
ton's atomic thcon^, the tJieory of evolution, all achieved accept a uco 
mid popularmtion asscientilic books jxiured from the pi^sses* These 
now and revolutionary concepts seized the imagination of the inteb 
lectualsj and tlie new gospel of science spread thonghout Europe, 
breaking down the old intellectual isolation of the nations. 

The new spirit manifested itself immediately in iho form of “real- 
In literaiiire, the scientific method of tk>cnmentation and ac¬ 
cumulation of evidence found its reflection in the works of SSola and 
the Goncourts and in sucli books as Flaubert’s ^Madame Btjvary” 
(1856). Much the same dispassionate shitemcrst of contemporary 
fads ap^iears in the painting of Courbet, wliile tlio soeiologioal inten¬ 
tion of tliesa writers is paralleled by the mono dranatUc works of 
Daumier, But these artists demonstrate merely tlie turning point of 
artistic espressioii, I heir innovations were in subject matter nitlier 
than in tlie structural elements of composition or the manner of laying 
the paint on the cauvns. The impact of scientific developments in 
these resists first appears in the work of the impressionists. 

One of the main eliaracteristica of impressionism is the laying on 
of the paint in small, clearly visible Idobs, dots, or curlicues through¬ 
out tlie entiro surface of the canvas. It is this oontintious sululivision 
of the canvas surface into iniuimcrable tiny dots and particle of 
paint-, more than any other feature^ that dii^titignishes impressionist 
painting from previous styles and it is Om clmrncterigtic which most 
closely concenis us. 

One of the few novel scientific tlieories that had been voiced during 
the first half of the nineteenth centuiy was Ilia theory that all forms 
of matter ^gEisqous, Ii<}i]id, or solid—ai^ comjMJSed of innumerable 
tiny particles of indestructible, solid, concrete ruatten In gases, these 
paiticlcs were conceived as loosely associated, much like a ewami of 
bees, capable of independent movement, collision, and flight; in liquids 
they were more closely united, acting much in the manner of grain 
pouring down a chute; in solids they wei^ linked together in the man¬ 
ner of a crowd of people holding hands, capable of jostling about to 
sonic degree but incapable of seriously altering I heir relative poflitions^ 
Althriugh numerous scientists of differing nationalities contributed 
to this conoeptioii, the Englishmiiii rfolin Dalton is generally ac¬ 
knowledged os tlie father of the theory. In his '"New System of Chem¬ 
ical Philoajphy^ (1803) Dalton first tidvaiicotl his theory, sayings 
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Thcro arc ttirce dlefLlntLlcoA in the klnda i>f bmllpg, nr three stalest wlilt'li have 
rucre apeclflcally cluLuit^ riic attciiticr nt rhUusopliCcaJ etetuEpfta, nnmclj, Uioae 
vrhlch nro marked bj tM^ term elnatlc ftuTdaj, lUjulds, and solids. A Tcr>’ fauioti^ 
Instance la e^cbltiled to ns In of a ImxIj, which, in certain clrcun^tancef^, 

la eapablo cf Bjaauniln^^ all three stalea. In atcaiu we rec^^K^nliu? a perfeetlj 
plflfftlc llnM, In woter a perfect lloaldi and In lee a t-moplelc BaUri. These cihser- 
vatlohB have tacUly led na lo tlie nmelui^luri which aeeiua ualvcrsaU^ adopted^ 
that ail hodlrs of eenj^lhle nrngnlmdep whether Hanlil or are coiiatitutcil 
of a root ndnkl^f of e^trernelj' amall particles, or alems of matter iKaiiid tOfCetber 
by a force of attraeLioiip which la more or leas powerful accord Enff to 
dmiEiialnnceiL , , , 

D^tlton was somewhat overoptimistic about the uriiver^I adoption 
of his atomic theory of mutter. The lack of distinction between tlio 
chemical atom (tho ^lallest particle of matter which can enter into 
combination) and the physicEi) moleciilo (the smallest particle which 
can exist in a free state and which mny consist of one or more atoms) 
caused dire confiUiion and conflict amonf^ scientists until tho inter¬ 
national conveiition of chemists held at Karl^rnho in lSi50. Only 
then^ after a debate of fifty-odd yciirSf did Daltoii^s atomic theory 
achieve universal recognition. It ^5ec!m3 more than a coincidence tliat 
during the veiy decade in which the scientiSc world recogniaed that 
the universe and all that it contained was comp<)sed of tiny dots and 
dsibs of matter^ the impri^ionista finst painted pictures composed 
solely of t Uiy dots and dabs of pigment* 

The wTJter h not suggesting that tho hiiptessionists consciously and 
deliberately sought to imitate the dance of the atoms when they 
painted canvases comiHJsed of vibrating particles. (Mensibly their 
interest was in light, in the refieetions of ligistj and even in the “reflec¬ 
tions of reflections.’^ Rut it cannot lie denied that in pursuing this 
objective they succeedeii in ijrodueing paintings which did^ in fact, 
poetically evoke the image of the world which llie scientists iiad 
crcfltedi and tliut they produced these paintings iimncdiately after 
that image had been finally accepted by science as factually correct 
and had been given widespread publicity Sn art ides, and lec¬ 

tures throughout the world. It is more tluin possible that a less con¬ 
scious and deeper motivation joincil with their conscioiisly assumed 
puiposc to develop tho impressionist style of painting* As Pissarro 
wrote Sn 1S95: 

Tm[an-Kft]otilfst nrt la bUU Icmj mlfauiiIci^tChTHl in be nhlr n> ei ctuiiplele 

B^atliei^iff , . . 1 roiiicTEibor Etiar* nlEh«Piij;li 1 wm fait cif nnlar^ I illElnT rutirelvo, 
oven Dt fort>% the diTia^r vt the taov^^juent wo followed inf>tlTicttvcl^. It wob 
I n the air! £LcttoTB to His Son Luclen, New York, U>J3d 

What was in the air in the 18fS0‘s was the atomic ^eory, and it can¬ 
not be seriously doubted that the impressionist painters were familiar 
wdth it, for their interest in science and their scientific studies would 
inevitably have brought this new development to their attention. 
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Th« scientifiu Attitude with which the impressionists approached 
their art is well known; they themselTea did not hesitate to acknowl¬ 
edge their debt to science. Their spokesman, Fissario, in answ’er to a 
letter from de Bollio arguing that scientific research into the nature 
of color and light, anatomy, and the laws of optics could not help tho 
artist, replied; 

Now ererrtbJii^ deiicnilB on how ihta kcowlcO^ la to bo uued. But aurelr 
it la clear tbat we could not puraue our Htudlea of Halit with much oa^iirance if 
we did not bare aa a guide the discoverley of CSierreul nnd Other Ectentiata. I 
would not hJiTe dlatlnRulsbcd between local color anti light if science had »nt 
kItcd iiB the hint; the aaine boldn true for comiiUnnentary colors, ole. 

The neoimpressionists, Seurat and Signac, devoted tliemselves to 
scientific research, studying ilaxwell's experiments, Cliarleg Henty's 
treatises, the analj'sea of light and color made by the American scientist 
N. O. Kood, and ChevreuPa color theories. Until he severed his con¬ 
nection with the neoimpressionists, Pissarro used to refer to this group 
05 the “scientific impressionists’’ as opposed to Monet, Renoir, and 
Sisley whom he scornfully termed the “romantic impressionists.” 
Romantic or not, these painters were scientifically minded, too, for 
Monet as well as Seui'ot had studied tlie optical discoveries of Helm- 
holU and Chcvreul. Hclniliollz, who was an exponent of Dalton’s 
atomic theory, pointed out in a work entitled “On the Relation of 
Optics to Painting” a relotionsliip between the atomic theory and the 
appearance of certain effects of light. After stating that the turbid 
appearance of the earth’s atinosphero is caused by fine transparent 
particles of varying density and refrangibilily which fill the air, 
Helmholtz saj's: 

But BLicnccCAD na give no cicpI&DatiDb of the turbidity In Uie liJgbcr regions 
of tbe atmosphere wbtcb produrea the blue of the sky; we do not know whether 
It arises from suspcndcil parUeles of fondgn EUbstnuces, or whether the mole¬ 
cules of sir themselTes may not art as turbid pnrtlclea In tho luminous ether. 

It is hard to believe that this passage could have escnpetl the eyes 
cf a painter interested in Helmholtz’s writings. Titus it is altogether 
possible that a conscious interest in the effects of light and air joined 
forces with a diaper and less conscious react ion to 1 he startling facts of 
the atomic structure of the universe to produce the impressionist 
manner of painting. And indeed, when wo examine the works of the 
impressionists, wo must admit that in fact they are less expressive 
of light and air than they are of a world coniposed throughout of 
dense, vibrating, and homogeneous particles of matter, 

At the end of the century painting began to move away from im¬ 
pressionism and, in fact, away from the scientific spirit generally. 
Gauguin, indce<1, led a one-man crusade against the scientific attitude. 
In a letter to Clmrles Morice dated April 1U03, lie s&ys: 
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ArtIfM Lave li-oiHJlessJy lost their way In rewnt years flae to pLyslcs, chemistry, 
meehftntes and the stinly of oaturei. navlng lost their jirJmitlire fonre, and 
bein^ oat of touch with their ^rLMUncl.s^ ofle oilght sny ^rlth their liuaglnadous, 
they liqve itursn^d a hundreil pathg [n search of productI tc elements which they 
locked the strcu^lb to create themselTcs^ 

But this rebelUoD doDiiied to failure, for already hj 1903 science 
was well an the way to doveloping new ^'productiTe elements'’ to fire 
the artist's knagiiiation^ 

The new development began with the work of Henri Bccquercl m 
France in 1895. Ikcquereh nnd later the Curies, discovered tliat 
uranium, radium, and certain other minerals emitted invisible rays 
which could move thro ugh space and i>enetrate various materials, even 
affecting and destroying living tissues. Experiments with thise 
alpha, beta, nnd gamma rays led to the conclusion that they were 
actually particles of some kind, a stream of infimtesimally tiny bullets 
shooting through apace. Further experiments led to tbs discoveiy 
that radiation of this sort ultimately caused the element radium to 
transmute itself in a series of stages to the clement lead. Xow to 
transform an element is to transform its components, i, e,, its atoms. 
Consequently tlie physicists were forced to the revolultonary con- 
elusion that tho atom was not the imperishable, indivisible billiard 
ball, which the nineteenth century had supposed it to be, but was 
actually composed of multiple and divisthlo constituents. 

An other line of research siraultuneonsly being pursued by other 
scientists related to theeffccta of passing electrical discharges through 
gases* The famous X-ray was discoveretl by Konrad Rontgen in 
Germany in 1895, and during the next few years the Englisliman J. J. 
Thompson conducted a scries of experiments with cathode tubes, 
finally reaching the conclusion tliat electricity itself consisted of infini¬ 
tesimal particles (now known as electrons) 1,840 times lighter than 
the lightest known atom^ that of tlie element liydrogeii. In 1899 
Thompson published his conclusions, saying: 

1 reiSEkrU the atom centnlaitig a aiiiuber of suinlJer bodJea wLlcL I wU1 
call . Ic tha aonnal atom, tLIs ooscmblago at cctrposclea forma 

ft system wbJrh Is dectrlcqlly aeatmU . . . Eleelrlflc&tloft of a (t&h I re^rd ns 
due te Ibe ^IktlAf;^ up of some of the atoms of tbe ^bs resnldag la ibe deUeb- 
ment of a corpuscle from same of the a toms. ^ ^ Oq tbia view^ electrUlcalloii 

essentially involves ihe ^pilttlu^ np of tbe ntom. a part of the maps of the atom 
acttloj? free and tiecomin^ detacbed from the orlo^^nal atonL [PbUosophlcal 
aer. S, vol. GSp p. SCSS.] 

Thus by tlic end of the nineteenth century these two lines of experi¬ 
ment had independently recited m the conclusion that the atom was 
net the ultimate form of matter but was itself composed of smaller 
subatomic particles, although the manner in which the constituent 
pari3 of the atom were associated was still unknowm 
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lJivcstig[ition of lliig problem wns immediately undertaken by nu- 
merous scientists, imd by 1W3 Lcruird in Gennnny Lad provefl to his 
own satisfaction tlint cathode rays could pass through tiiousands of 
atoms without disturbing their internal organization. Tlie conclu¬ 
sion ho reached was that tlio greater part of the atom must be empty 
space, Only about 1,000 millionths of llio whole being solid matter, 
Lcnnrd’s experiments, however, were not accepted as conclnsiTo, and 
the investigations were continued by others, finally culminating in 
1011 when Rutherford published his vrell-aupported findings that the 
atom was in effect constituted on a solar-system basis—tiny electrons 
revolving around a nucleus as the planets revolve around the sun, 
witli tho empty spaces lictwcen these elements proportionately as huge 
as the empty sjnices of tho solar sj'stern, 

Tlicso dramatic and rcvolntioiinry discoveries not only shook natural 
science to its foundations but also aroused the greatest interest outside 
the narrow world of the physicists. As Eddington has expre^d it in 
“The Nature of tho Pliysical World^’: 

When we ceiurarc the enlVOTsc as It U aow eiihixised te tjc wlti tlio unJvcrae 
ns we hud njndlnartly froeoTieclTtN] it, the mtrat urrceittn^ ebnufte Js ii(it the re¬ 
alm ofrement of space sBil lime l>r Kinstela hut the dlBeoliitlCPii of nU tluit we 
regai-a JtB nuat solid Into tlojf ar«1is Itoatifif? In void. Thot iflvea an nhrtipt 
Jar to those who thljilc thflt things nre taora or Ices what they Beem. The metn- 
tion by niodcfB pliyRles of the volil within the atuiu te more dlstnrltln^ than the 
levclatEen by nittrohoiuy of the imiiicDsc Void of Inlerstellnr eimce. 

The atom Is as ponius ae the solar pyatcni. If we eVIndaated all the uallllcd 
8114100 til n umn*B body and colleciod tils protons imd electrons Into oue aiASB, the 
man woold he rcdiicwl in a aiNjek just visible wliii a inamilfylng glass, 

Tlio I'Opcrcussions in the ficbl of the plastic arts were immediate, 
the first parallel artistic development being analytical cuhism. 

In 1007, following I^eiiard’s announcement and while Rutherford 
wos iftill engaged in experimental work, Picasso imintcd his fammis 
“Demoiselles d’Avignon,” in w hich for the first time he portrayed parts 
of forms and objects as itrcgnlar roceding and protruding angular 
planes. This development wns continued in 1DO0 and lOOD by Piensso 
himself, and by "Rraqiio with paintings composed largely of the facets 
of blockliko forms. In IDOS the name “cubism” was first appliwl to 
this new manner whert'in jingiilnr ;dancs definitely suggest the project¬ 
ing facets of solid sculptural cubes partially cmlvildcd in the canvas. 
In the portrait of Ilraqiie painted toward the end of however, 
this sense of solidity begins to give way. To quote Alfred Barr in 
“Picasso” (1114G), “not only the surfiice is broken into fiiccfs but the 
facets themselves begin to slip so that the sense of solid sculptural form 
so clearly prcservccl in the ‘Fernaiidc’ seems on the point of disinte¬ 
gration. For the first time the integrity, the unity, of the object is 
seriously threatened.” In the “Portrait of Kahnweiler” and the 
“Nude” of lOlO, this tendency has enormously tnereased. The ftioots 
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Imve ‘‘slipped” veiy definitelj, oponinfj up a complex of hollows and 
spaces within the objects By IDll—the year in which Biitiierford 
announced Ills conclusion that the atom is in fact almost completely a 
void—Picusso was painting objects whicli, thoiigU still tccognizablo 
as fniiiiliar solkls, weitj rcpi'escnted tis largely composed of empty 
space. 

Again, it is not the writers intent to establish tlmt the cubists de¬ 
liberately and consciously sought to esploit or adapt Iha findings of 
contemporary science to their painting. Indeed Picasso lias hotly 
denied any such intention. But the parallelism of their vision of 
matter and the image evoked by coiitemjmrary scientific findings, and 
tlie extraordinarily exact chronological coincidence of the develop¬ 
ment^ spoak for themselves. No man can assert witli assurance that 
his conscious actions have not been in part provoked by unconscious 
considerations, and it is natural to believe that sensitive artists living 
in the first decade of t he twentieth century were at least subconsciously 
influenced by tlic profoundly disturbing revelations of contamjiorarv 
science, providml that they were aware of them, And there is evU 
denco to establish this awareness. It is the testimony of Guillaume 
Ajjollinnire, si>okestnan of the eubists, that current scientific develop¬ 
ments preoccupies] these artis^ and tliat some members of the group, 
at any rate, pored over scientific works. Writing in 1013, while the 
Cubist movenient was still strong, Apolliiiuire said: 

Toiloy, aclentiBta an litURcr limit tbcmsi-lvi.^ to tlie Oirre ditaeoslona of EntUtl. 
The paliitere haiiio been led quile uatarally, one siiy by intititioii, to pro- 

eecupy thumBelvcs with the iww [ws!iibnitiv«i uf epotlal meiisiiHiDiDni whleji, In 
the Uitieaa(,'e of the modeni stuaioa, are iloeljtaatixl by tlie term; the fourth 
ilimenBloD. 

The cHlertoe of pure ahtlract spncc. Beimnled from the jiSftstiC 

point of Flew, the foutrlli illmeaBlim ap|H-arN lo Bprliig fmm tho throe Imowii 
dlmcniiloiiJi: It i«preaests the Immensity of eietee eternaltzlni' Use'll fa alt ill- 
reetJuna at any slvim montent It Is riulk Itself, the dliu(-*»e^rn nf the lannlte, 

. . . Finally, I must point out that the fourth dEmeoBlon—ihh utoplLiii i>xpn?sBlon 
nhould bo aualyieccl nnit csplalnetl. so that I)olhllL^f more thnu hisiorl™! Inten-srt 
may be attuebed to U— bliH come to stund for the OKpEnitbi'tifi nod promonltjons 
of the many yonhp artists who contemplate Epiiitlnn. J^jiro, nod Oceanlo 
scuIpliitiRj, meditate on vatlous acicatlQe works, and Uve In tho iiutlclpatlon of 
auhllmc art. [The Ciihtst I'lilDters: AeatheDc MeillliitloDsd 

Tills preoccupation with space seems very natural iu a world whose 
inlmbitahts have just been informed I liat all the familiar objects which 
they have lutbitually considered to be concrete and solid—inciudliig 
even tlieir own persons—arc ehieily constituted of empty space. 

But cubism was not the only new" art form to develop in this critical 
[loriod. The development of notiobjecLive iiainting dales from 1912, 
Tho Russian painter Wassily Kandinsky was the first artist wlm do- 
liborntcly sought to ditriinate recognizable objects from tho contents 
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of paintings. Kandinsky started life as an economist and stiit- 
istieinn. The change-over from what he called ‘‘the sciences” to art 
was a long and painful process. His first abstract painting appeared 
in 1011; n series of honobjective ctcliings folIoTTed in 1012. His paint¬ 
ing took various directions during his life, but the vast majority of bis 
worlp BUB suggestive of objects suspended in space, reminiBcent of 
Eddington’s‘‘specls floating in the void.” 

In lus autobiography, written in J013 and revised and republished 
Ill Moscow in 1018, Kandinsky gives a full account of the role played 
in his development by the atomic discoveries of modern science. After 
discussing his work at the University of Afoscow in tlie fields of 
political economy, law, and ethnology, and tlie unsatisfied yearning 
to paint tJiat plagued liiin during tliis iwriod, he writes: 

But Id thrtse earlj- do ye, my urtlotk- powero seemed to mp too weals and 
Inol^ldcaat tg entitle me to (tUdndoD my olher studieer and lend the life of 
HD artist . . . And at that time, wheu the Hn^inn soclii] picture iva» paitJeti- 
larlj tuimLer. mj- ptusliea were oiiiiretlnleil by inaDy and I decided to trnln for 
n acienUst. . . , 

It was arotind that lime (lint two events took iilnce, tioili of which were to 
luflueiiro me atronety in my future life. The firet woa the ethlbitlon of Urench 
liii|]rp:iii|uniats tljpi was held In Moscow, one of the pictures being TAe Slacl: 
0/ Kai/ hy ClAude ModpL The second woa ihc production of Waffner'a toAen. 
prin at the Grand Theatre. 

Up to this time 1 was familiar with the wahatic school of palnUtir, ana— 
at that—chiedy with (he work of the Ilusaion painters, ... 

And thvn onddenly, fur the ilret time in my life, I funod myaelf looking et a 
real paiolEog. It seemed to tnc that, without a i.'fltttlogue in my hand, U would 
have been Itaposaiblc to fecognlse wunt the palatlog waa tueobt to represent. 
This Irked me, nod I kept thluklug that no artiat has the right to palm in aneh 
a manner. But at the aanie time, and to my surprise and confuelon, I dia- 
rovered that It cnpllvnlcd and troubUsl me, Jmijrintlnf itself indellhly on my 
mind nud memory down to Its smallest detail. But, on the whole, 1 could 
moke neither bead tiur tall of it, ond wni., thereforer itultc incapable of arrlv- 
lugat the cuaciiisions which later appeared so simple. 

But what dill become clear to me. was the previously uniiddglDGd, qnreveated 
and all-KUrpaaslDg power of the palette. Painting showed Itself to me In all 
Us fantasy and onehantuienL Aod deep Inaidi* of me, there was born the 
first fnlnt douht as to the Importance of an object as the necessary element 
in fl patatjug. ... 

It was In IfOhmffrin Uiat f felt the sDpreme Incarnation and Lnterpretation 
of this vision thrmigb toimtc. ... 

I could sue all my eoloro, os they came to life before my eyes. Madly, in 
raBiiig profusion, they drew thcnmtves In my mind ... It became totolly elMr 
to me that art In general imssessed a far greater power than f ever had Imagined. 

1 also realized that painting jMissesses the same power as music. It was iliea 
that the Impossibility of devoting myiielf to the seeking of these powers he- 
Came an even greater torment. The temptation to do so was overwhelming. . . . 
And Just then, one of (he most formidable bti.>itacles on the way to the reaUm- 
ttoii of my wishes, crumbled and laalahod hy Itself, all thanhs to a purely 
oclentlflc eveat. Thb was the dlstategnitldti of the atom. 
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Tbis diBcoTci'y struck me with terrifflc impnrt, compitrAblc to ihqt of the 
end of the world. In tbe twinkling of on eye. the mightj nrclice of acloBce Inj 
EhBttered berorc tm*. AU tliiagB become Jlimsr, wUh no etreogth or certainty. 
I would hardly haw Iteen surprhsed It the stones would bare risen tn tlio air 
and dlEsiijpeftred. To me. science had been dEStroyed. ^Qtiotcd by Uiiia Bebay 
In Meniory of Wassily KondEnsky, p, 53. New York, IWS,] 

And SO Eandiitslcy) impelled by discoTcrics conoertiiiig the ntom, 
became the father of notiobjectiTe psinting. 

Thus we find the two great deTelopmetits of twcntieth-ccututy 
painting, abstraction and noiiobjeetivlsm, coming into being almost 
simultaneously with science's revelation of the void within tiic atom- 
abstraction achieving its first flower in the work of the analytical 
cubists in 1911, the very year of Hiitlierford's disclosures, and non¬ 
objective painting making its first appearance in the work of Kan¬ 
dinsky in 1913. It is hardly surprising to find that a third 
development, this time in the field of sculpttii-e, followed hard upon 
the othoi's. 

It is gBiicrally iNinsidercd that tlie constructivist movement in 
sculpture, characterized by the substitution of openwork forms in 
place of the clo^d monolithic form of the sculpture of the past, began 
«i 1013. Bt^ioni, Italian painter and sculptor, declared in the 
futurist manifesto of 1014; “Tlie circumscribed lines of the ordinary 
enclosed statue should be abolished. The figui'e must he opened up 
and fused in space.*^ Naum Gabo, one of the earliest and best-known 
constructii’iats, has stated this even more simply: ‘‘Older sculpture 
was created in terms of solids^ the new departure w'as to create in 
terms of space.” 

Although tlie new conception of sculpture lagged somewhat behind 
painting and unquestionably was derived at least in part from the 
cubists, wliose work was familiar to both Gabo and lus brother, Pevs- 
nei', another of the constructivist leaders, Gabo's own interests lay in 
science as well as art. He had studied mathematics, physics, chem¬ 
istry, and engineering at the University of ^runicli in the years lOOD 
to 1912, Consequently there can be no doubt that he was well ac¬ 
quainted with the developments in atomic theory that occurred in 
this period. Thus It would appear that the constructivist movement 
in sculpture, like cubism and nonobjective painting, was carried out 
by artists who had access to and were interested in current wipnHKj * 
discoveries. Under these circumstances, even in the absence of such 
direct testimony as Kandinsky's, the coincidence of three most im¬ 
portant innovations of modem art with the revelation of the fiuther- 
ford atom cannot be passed over as accidental. 

The theory of atomic matter was not to stand on Butherford’s con¬ 
clusions, however, for by 1925 the Butherford solar-system atom had 
broken down in the light of observed phenomena. In its place 
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Schixidliigor, lleiseitlH-rg, Dime, iJohr, (ijid others «dviuiccd theories 
supported by luatliotnuticnl and es]jorimoiitiil data which reduced 
even the tiny floating siweks of tnaltcr loft by Rutherford to insub- 
stcintiality, nieir conclusion whs Umt whut the world still concoiFed 
to be muter in 1 points worn in fact nothing but wave systems, ^‘stonn 
centers of wares or ripples in an imaginary sub-cthor.” Matter had 
become synonymous with energy. Thug, after a hundred years, tho 
lost trace of Dull onhard, solid, indestructible atom disappeared, 
and in the scieiitinc world the concept of substance censed to exist. 

Ercn more puzzling, by 1(327 it w'as found tliat nlthough the relocity 
or momentnm of one of tho centers of energy to which the electron 
had been rcduccil could lie ezperunetitally estiiblished, and its position 
separately determined in independent cxpcrimonts, no method of 
simultaneously determining position and velocity was available, nor 
was any method of accomplisldug this conceivable. After a quarter 
century, science has still made no advance toward the solution of this 
problem. Indeed, scientists have come to Iielieve that tlie association 
of exact position with exact momentum can never bo discovered be¬ 
cause there is no such thing in nature^ and this result has been accepted 
as the ‘^Principle of Uncertainty." The electron, the mimitcst of 
tlic old material particles, has b^ome merely “something unknown 
doing wo don't knorv what.” 

A similar imimsse has been readied by way of Einstcin'a theory of 
relativity, in which the only meaning of matter is a i-egion in tho 
space-time continuum wlierc tho patiis through space are curved. 
Today science informs us that wo live in a world of shadows so 
abstract aa to make it impossible to form any mental picture of Avhiit 
is really happening. Indeed, as Hnrvey-Gibson say^ in “Two Tliou- 
s:ind Years of Science,” “Tlie further science probes into tlie hidden 
recesses of the atomic world, the more obscui-e and shadowy docs ob¬ 
jective reality seem, tho less materm] and tangible docs Nature 
apiiear to be." 

Consequently it seems altogether natural that contemporary paint¬ 
ing should depict a shadowy and insubstantial world in which 
amorphous objects liang susjiendcd in a state of watchful expectation 
and uncortninty. Miro, Gorky, Baziotes, Stamog, the early Matia, 
Rothko, and others exhibit quite consistently an extreme state of sus- 
])Diigion, and even in sculpture tills quality is evident in sucJi work as 
Caldor’s mobiles. Indeed, suspension in some degree U ft chief ebnr- 
acteristic of twentieth-century painting, for the solidity of the ground 
under one's feet is a sensation which science has proved meretriclouSL 
The only certainty left to man is that in this universe there exists 
soine kind of mysterious activity and some even more mysterious 
equilibrium. In contrast to tlioso who float and contemplate, otheru 
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resort to actiori, searching tlie void: De Kooning, Pollock, Tamlln, nnd 
Tworkov, to name but a f&w iiinong many. In the works of all these 
painters we find a network of lines, black of wliitcj which give the 
impression of darting about the canvas. They are not contours of 
objects, they do not model fnrm, they are not mere decoration. Their 
qiiiiljty is moveineid, Moro tlcin anytliing they suggest the track 
nf some moving object—^llio wake of a ship, llic path of a rocket, the 
vapor trails left by an airphmr. In sculpting, Lassaw’s *^Milky Way-’ 
is roughly analogous Thci’c are not majiy stich phenomena in nature* 
But one man-nnide protlnct of tlic twentieth century seems chiisor in 
appearance and in spirit to th<^o paintings than any other. It lends 
us back to the atom. 

No man has ever seen an atom, much Icsa an electron or any otlier 
subatomic Spaniel tv’’ But the movements of the ^paiticles’^ through 
space, their collision with atoms or parts of atoina, anti the e?eplc^ivo 
disintegration of the atom wlien a head-on collision occurs have been 
observed and photographoit thousands and thousands of times by 
means of an apparatus (!cvelot>Ml by C, T. li. Wilson. This device, 
commonly known as the cloud cluimbcr, is simply a bos filled with 
moisture-saturated air and provided witli a glass panel through which 
t]i& interior of the bos may l>e observ(Kb When a stream of alplia 
rays or other subatomic ^i>urticles’’ is shot into the chamber, sooner 
or later one of them is bound to collide witli an electron or with the 
nucleus of oiio of the millions of atoms of which the air inside the 
chamber is composed. The passage of the “[lartlcles^’ through tlie 
chamber nnd the consequent fragineiitatioii of the atom producer Iraik 
of gaseous ions on wldch the excess moisture in the chamber deposits 
as a result of condensetiou« TJie paths of the **pnrticles‘’‘ and the 
constituents of the shattered atoms are thus defined by chains of 
microscopic drops, much os a cannon ball fin^l tlirongh a field of wheat, 
though never visible itself, will leave a plainly visible track. 

The variety and intricacy of Che cloud-clmmber tnicks are inde¬ 
scribable and far surpass any display of firevrorks or any natural 
phenomenon of this tyj^e, and the closeness of their re^nblance to the 
paintings of the artists mentioned obovo speaka for itself. The same 
darting quality, the same intricacy of movement and surface confu¬ 
sion, and Uie same underlying suggestion of pattern and organization 
appear in both. 

T!ie Wilson cloud chamber and the photograplis obtained by Its use 
have received widespread publicity for ^veral decades, for it is 
iwrlmps the most imi>ortant akl to tlio investigation of the atomic 
structure of matter that the twentieth century has developed. 
Such chambers were demonstrated in elementary physics courses at 
leading universities at least os early os and sample photography 


438 ANWUAL ISEPORT SMITHSOXIAX INSTITCTrON, IflSl 

of cloud’CliAtiiber collisions are to be found in many modern |)hysics 
textbooks. Tho dramatic qiiality of these investigations has caught 
the public interest, and only a few montlis ago the discovery of still 
another type of subatomic ‘^particle’^ was publicised by Life magazine 
ill on article Uipt included numerous large-scale reproductions of 
cloud-chamber photograptis. Under the circumstances, there is a 
reasonable presumption tJiat some of tlie artists mentioned above were 
already familiar witii tlie effects observabls in tlie cloud-chamber when 
they began painting in this manner. 

Again, it is not suggested that the paintings area deliberate imita¬ 
tion of the photograplis. On the contrary, they are by and large even 
more intricate and are freighted with ft burden of Iiuman emotion 
totally lacking in the cloud-chamber views. But the surface simi¬ 
larity is far too great to be lightly dismissed, and the emotional im¬ 
plications in tiiese paintings of the human mind groping for some 
state of equilibrium and order in a mysterious, strange, and insub¬ 
stantial universe is too obviously analogous to tho state of modem 
science to be dismissed. It is not too much to assume that an intuitive 
perception of tlie analogy Iwtween the efforts of the scientist on the 
physical plane to find order in bis shattered world, and the iierennial 
effort of the artist to find the spiritual order and unity winch cliarac- 
terize the work of art, lias led the artist to subconscious exploitation 
of remembered impressions of cloud-chamber photograplis as the 
common symbol of this search. 

Tlius it appears that during the past- hundred years the majority 
of the important innovations in the plastic arts have occurred simul¬ 
taneously with, or shortly after, revolutionary changes in man’s con¬ 
cept of the constitution of matter. In some eases the artists them¬ 
selves have admlltcd that the new theories established by the scientists 
contributed to their development; others have denied any foich con¬ 
scious influence. But the clironological pariillelism and the mutuality 
of concept and imago form overwhelming evidence of the closeness 
of the relationship, Wlicther science influenced art or art influenced 
science makes very little difference; for in neither case was the in¬ 
fluence accepted in slavish fashion. Tlie ficientist has not become an 
artist nor tho artist a scientist. They simply share a mutual pre¬ 
occupation-today, a mntiinl problem; and each approaches it in Ida 
habitual way and from his habitual point of view. TIic facte suggest 
that science was first to establish the now truths About the universe 
which were then taken into consideration by the artists. But it ia 
well to remember tliat the scientists of eacli decade built upon tho facts 
elaborated by their prcrleressora. In this sense tlie influencca tiiat led 
Rutherford to bis fainous conclusions were identical with the influ¬ 
ences that led the cubists to develop their new exprossious of reality. 
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Indeed, in the final analysis, the truth may well be thnt forces com- 
mon to the Age and still too close to permit precise Identification in¬ 
fluenced scientist and artist alike and led both in independence 
of each otlier to conceptions of the univereo that have a startling 
correspondence. 

Today some complain that modem art is incomprehensible and 
confusing, cold and detached, devoid of human warmth and as clin¬ 
ically aloof as the laboratory. This is to attribute to the artist es- 
clusHcIy (jualities that man has in fact learned to be intrinsic in the 
univerM. Art has become abstract only to tlie extent to which the 
world itself has become distract. By comparison, the material uni¬ 
verse of the nineteenth century was a comfortable and cozy environ¬ 
ment for man. But this security did not last. Tho concept of the 
liinitlcss space of the atom w&s only the first of a series of shocks 
which twentieth-ccdtury man was to endure. Today notlniig is left 
of matter, and every aspect of solidity seems to have become illusion. 
Rocks, trees, houses, men and women, all are mere ghosts of tlieir 
former selves. All that is left is energy and the void. It is not spirit¬ 
ual confusion, lack of humanity, or morbid preoccupation that leads 
the artist to face these facts of life and produce worl4 of art that take 
tliem into account. On the contrary, it would be a cowai-dly ei-asion 
to Ignore them and turn blindly to the past for more reassuring sub¬ 
ject matter. It is the parado.v of art today that what is still known as 
realism is actually an escape from reality. 

The artists, like the scientists, are seeking to find the hidden order 
and equilibrium that must exist in tliis new and ominous world— 
different though it may be from our previous comfortable coneep- 
tions. Man may never be restored to his old position of central im- 
{jortance and security. His relationship ivith the universe may never 
be more intimate tlian tho austere and semiretigious acceptance of 
mystery which characterizes the thought of so many artists and 
scientists today. But scientist and artist alike must continue to 
scrutinize and evaluate this awesome spectacle, tlie one witli his 
measurements and mathematics, the other with his intuition and imag¬ 
ination. until a solution has been reached. 
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